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Abstract 
Energy efficiency regulations and standards are increasingly being used as an approach to 
reduce the impact of appliances on climate change. Each new generation of games consoles 
is significantly different to the last and their cumulative electricity use has risen due to 
improved performance and functionality and increasing sales. As a result, consoles have 
been identified in the EU, US and Australia as a product group with the potential for 
significant electricity savings. However, there is a good deal of uncertainty regarding 
cumulative electricity use of consoles as measurements of power consumption are crude and 
user behaviour poorly understood. In particular, due to the highly competitive nature of the 
games console market there is a lack of information available regarding product 
specifications and power consumption prior to launch. This has made it difficult for policy 
makers and other stakeholders to determine what is technically achievable in terms of 
potential electricity saving, and the role that energy efficiency regulations and standards can 
play, until a product launches. 
This research establishes robust estimates of console usage and measures the power 
consumption of each model of PlayStation® platform sold in Europe since 1995. These data 
are used to calculate both the electricity use per unit and the cumulative electricity use of 
each platform. Furthermore, a study of PlayStation®4 estimates the potential electricity 
saving that could be achieved using various efficiency improvements. The study shows that 
PlayStation®4 is likely to mitigate, and may even reverse, the trend of increasing electricity 
use between product generations due to the integration of energy efficient technologies 
from the initial stages of product design. 
The results of this research have been key to the European Commission establishing that the 
voluntary approach to reducing console electricity use proposed by console manufacturers 
is sufficiently robust and ambitious.  
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Executive Summary 
Evaluating Games Console Electricity Use: Technologies and 
Policy Options to Improve Energy Efficiency 
Project Objectives 
The objectives of this research project were: 
 To improve estimates of games console electricity use through collecting and/or 
collating usage and power consumption data; 
 To investigate the electricity use of games consoles over time; and 
 To evaluate the electricity saving potential of various efficiency improvements for 
new consoles and how these can help to reduce the contribution of games consoles 
to climate change. 
The electricity use of games consoles is of increasing interest to policy makers in the EU, US, 
Australia and California. However, there is limited research and data available regarding the 
usage and power consumption of games consoles, making it difficult for stakeholders to 
establish the potential for electricity saving and, therefore, where regulations and standards 
can help to improve games console energy efficiency. 
Project Background  
It is estimated that, without intervention, the electricity use of Consumer Electronics and 
Information Communication Technologies will increase by 250% to 2030 (de Almeida et al., 
2011). In order to minimise the estimated increase in electricity use, regulations and 
standards relating to product electricity use and efficiency have been implemented widely; 
the EU, Australia, the US, Israel, Turkey, South America, Mexico, Korea and Japan, all have 
product related energy requirements. In addition, there are also some global initiatives such 
as the “1-Watt plan” promoted by the International Energy Agency (IEA) that proposes all 
countries should harmonise energy policies to reduce standby power to less than 1 W per 
device (International Energy Agency, 2007). 
Games consoles have developed significantly since their introduction 40 years ago, both in 
terms of the range of functions available and their performance. The first home games 
console, the Magnavox Odyssey, was released in 1972 (The games console, 2011). In the 
following years various consoles were released that offered more games and more 
sophisticated gaming: more display colours, moving from game cartridges to CDs, until today 
with consoles offering photo realistic gaming and a wide variety of secondary functionalities1 
                                                          
1 Secondary functionality is defined here as anything other than game play, such as Internet 
browsing and watching movies. 
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such as Internet browsing, online gaming, digital television viewing and media playback 
including CDs, DVDs, Blu-ray and streaming content via an Internet connection. 
The improved performance and functionality of games consoles has been accompanied by 
an increase in power consumption and hence electricity use. Measurements made by the 
Natural Resources Defense Council (NRDC) (2008a) show that the power consumption of 
games consoles when active has increased by approximately 180 W from around 8 W for 
Nintendo 64 and PlayStation®2 consoles, to around 190 W for PlayStation®3 and Xbox 360 
consoles. Alongside the increased power consumption that accompanies new generations, 
it is important to note that, over the product lifetime, hardware is improved to adopt 
technological advances such as die shrink (see Chapter 4 for more details). The data 
presented in Chapter 3 show that these improvements often result in reduced power 
consumption; for example, the power consumption of PlayStation®3 consoles fell by over 
60% (in gaming mode) since launch in 2006, from 198.2 W to 78.9 W (see Section 3.6.1.3). 
Games consoles have also become increasingly popular; the number of units sold has 
dramatically increased with annual sales in Europe of around 0.5 million in 1995, peaking at 
over 18 million in 2008 (VGChartz, 2012b). In addition, launch sales of new Xbox One and 
PlayStation®4 consoles in November 2013 were unprecedented with over 1 million units of 
each console sold in the first 24 hours after launch (Goldfarb, 2013). 
The combination of increased sales and increased power consumption of games consoles 
has resulted in an increase in total electricity use. Estimates for the US show that annual 
cumulative electricity use of consoles has grown substantially from 0.5 TWh / year in 1999 
(Rosen et al., 2001), to 2.4 TWh / year in 2007 (TIAX, 2007), rising to around 16 TWh / year 
in 2010 (Hittinger et al., 2012). 
Consequently, improving the energy efficiency of games consoles would result in substantial 
electricity savings and therefore reduce the impact of these devices on climate change. This 
has led to games consoles being considered by various energy efficiency regulations and 
standards, including: 
 The EU Eco-design Directive (European Parliament and Council, 2009); 
 The US ENERGYSTAR® Programme (Environmental Protection Agency, 2013b); 
 The Californian Energy Commission Appliance Efficiency Standards (State of 
California, 2012); and 
 The Australian Equipment Energy Efficiency (E3) Programme (EnergyConsult, 2012a). 
In addition to studies undertaken as part of the regulatory processes listed above, there are 
a limited number of academic research studies that have been published on the topic of 
games console energy efficiency and opportunities for improvement, including Hittinger 
(2011) and Hittinger et al. (2012). 
Research Findings 
In order to develop regulations and standards that improve the energy efficiency of games 
consoles, it is essential that the magnitude of console electricity use be accurately 
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determined. Chapter 1 shows that published research estimates of High Definition (HD) 
games console electricity use vary widely between 32 kWh/year and 500 kWh/year per unit 
due to variations in measurement procedures and assumptions and uncertainty regarding 
power consumption and usage. Due to this uncertainty, the potential magnitude of 
electricity savings possible through efficiency improvements is not well known. This thesis 
uses the Typical Electricity Consumption (TEC) methodology to estimate the electricity use 
of games consoles using power consumption and usage data. 
To improve the reliability and robustness of HD console electricity use estimates, Chapter 2 
details a meta-analysis of available data for HD console usage and power consumption, 
which is used to calculate new estimates of console electricity use. This dramatically narrows 
the range in estimates to between 66 kWh/year (consoles available for sale) and 105 
kWh/year (consoles in use) (Webb et.al, 2013). In particular, this research distinguishes 
between consoles available for sale and those in use to reflect the change in console power 
consumption over the product lifetime (described above). Some efficiency improvements 
can affect both consoles in use and new consoles available for sale, i.e. operating system 
updates, while others can only affect new consoles, i.e. hardware improvements. This 
important distinction allows the electricity saving potential of different types of efficiency 
improvements to be more accurately estimated, and can help stakeholders involved in policy 
development for games consoles to identify which improvements will result in the greatest 
reduction in electricity use. 
Through completion of the meta-analysis, it became clear that the power consumption data 
available for HD consoles was incomplete. To address this lack of data Chapter 3 details 
power consumption testing conducted on a sample unit of each model of PlayStation®3 
platform sold in Europe since 1995. These data, weighted by sales of each model, are used 
to refine the estimates of HD console electricity use calculated in Chapter 2, further 
narrowing the range in estimates to between 62 kWh/year (new consoles) and 81 kWh/year 
(average for all consoles in use). In addition, power consumption testing was also conducted 
on a sample unit of each model of PlayStation® and PlayStation®2 console sold in Europe. 
These data were used to estimate the cumulative electricity use of PlayStation® platforms in 
Europe since the first console launched in 1995. This shows that the cumulative electricity 
use has increased substantially between product generations. From around 2 TWh for 
PlayStation® consoles, to around 5.2 TWh for PlayStation®2 consoles, with PlayStation®3 
console electricity use already estimated to be 6.8 TWh even though it has only been on sale 
for 7 years, compared to 12 years for both PlayStation® and PlayStation®2 consoles. This 
finding supports the concerns from stakeholders that console electricity use will continue to 
increase without policy intervention. However, the value of hardware improvements during 
the lifetime of each product is also demonstrated with an estimated avoided electricity use 
of 6.8 TWh for PlayStation® platforms in Europe, of which over 60% is a result of 
improvements to PlayStation®3 consoles. Furthermore, the relationship between sales of 
consoles and power consumption is shown to result in a peak electricity use for each product 
platform around 5 years after launch. This suggests that efforts to improve games console 
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energy efficiency must be introduced before this peak in order to maximise the potential for 
electricity saving and to go beyond the “business as usual” trend for reducing console power 
consumption during the lifetime of each product. 
Given the considerable saving that has already been achieved by manufacturers for HD 
consoles and the fact that the peak electricity use is likely to have passed, Chapter 4 considers 
the potential electricity saving that could be achieved for new consoles launched in 
November 2013. PlayStation®4 hardware is used as a case study to estimate the potential 
electricity saving of various efficiency improvements that could be used in consoles, including 
more efficient power supplies, die shrink, System-on-a-Chip, suspend to RAM and more 
efficient networked standby and standby modes. A theoretical baseline is developed to 
estimate the electricity use of PlayStation®4 had no efficiency improvements been made. 
The theoretical baseline is used to estimate the potential electricity saving of each efficiency 
improvement considered over the whole product lifetime. This shows that improvements 
such as a suspend to RAM feature and early introduction of an efficient networked standby 
mode result in the greatest electricity savings of 10.3 TWh and 6.9 TWh respectively over the 
lifetime of PlayStation®4 consoles. This gives a clear indication to stakeholders involved in 
developing energy efficiency policy for games consoles where the opportunities lie for 
electricity saving. In addition, the estimated avoided electricity use achieved through 
efficiency improvements already used in PlayStation®4 is estimated to be 13.9 TWh 
compared to the theoretical baseline estimate of 23.9 TWh. However, it is also estimated 
that a further 3.4 TWh could be saved if all of the efficiency improvements considered in the 
analysis are introduced to their maximum effectiveness, for example a 10 minute suspend 
to RAM rather than a 20 minute suspend to RAM, however, many of these additional 
efficiency improvements are shown not to be cost effective. 
In addition, the cumulative electricity use of PlayStation®4 is estimated to be around 26% 
lower than PlayStation®3 based on average usage and sales (10.0 TWh versus 13.6 TWh), 
despite a significant increase in performance and functionality. Even considering a high sales 
scenario, the cumulative electricity use of PlayStation®4 is estimated to be just 1.0 TWh 
higher than PlayStation®3, which still demonstrates a substantial improvement in energy 
efficiency. This shows that the trend of increasing electricity between product generations is 
likely to be reversed for PlayStation® platforms with the launch of PlayStation®4. 
Research Implications 
The results of this research have been used to inform the development of energy efficiency 
regulations and standards for games consoles through improving the analysis of games 
console electricity use. In particular, this has enabled console manufacturers to demonstrate 
the value of their proposed voluntary approach, which has now been accepted by the 
European Commission (EC). This is only the third voluntary agreement to be accepted 
through the Eco-design Directive since its introduction in 2005. The estimated electricity 
saving of the console manufacturer’s voluntary agreement for new Xbox One and 
PlayStation®4 consoles is calculated by the research engineer and now forms one of the 
annexes of the agreement (Console Manufacturers, 2013). In addition, earlier estimates of 
Amanda Webb  Doctoral Thesis 
ix 
 
the potential electricity saving for HD consoles were also calculated by the research engineer 
and circulated to the consultation forum in late 2012 (Console Manufacturers, 2012c). 
Although the voluntary approach has been accepted by the EC the research has shown that 
the threat of regulation, should the voluntary approach fail, has compelled console 
manufacturers to consider the efficiency of their products from the outset when the 
potential to influence design and incorporate efficiency improvements is at its highest and is 
most cost effective. 
The research also estimates that mandatory and voluntary measures introduced under the 
Eco-design Directive could result in electricity savings of a similar magnitude for new next 
generation games consoles. This shows that a combination of approaches can be very 
effective. In particular, it would appear that mandatory regulations are better suited to well 
defined functions, such as standby mode, with technology to implement improvements 
readily available. In contrast, voluntary approaches are more suited to products with less 
well defined functionality that is not necessarily consistent between products on the market 
and that is expected to evolve significantly over time as new products are launched, for 
example complex Set Top Boxes and games consoles. In these instances, voluntary 
approaches are more flexible to respond to changes in product functionality and 
performance without stifling innovation or limiting performance. 
The ex-ante analysis of PlayStation®4 detailed in Chapter 4 demonstrates the value of 
identifying where the opportunities exist for electricity saving, something that was not 
previously available in the literature. This can help to guide policy makers and other 
stakeholders involved in policy development to understand which efficiency improvements 
could be introduced and when they can have the greatest effect on electricity use. Without 
this detailed analysis, efforts may focus on areas of console electricity use that will not result 
in the greatest potential savings compared to other efficiency improvements. An example of 
this is the attention that has been given to media play power consumption, with power limits 
recommended based on what discrete media players can achieve. These limits are not 
achievable by games consoles without significant additional cost or loss of functionality, both 
of which have a negative impact on the consumer. In addition, the lower power limits for 
media play are shown to offer minimal additional savings compared to those estimated for 
the console manufacturer’s voluntary agreement. The importance of considering the 
combined effects of efficiency improvements introduced simultaneously is discussed in 
Section 4.10.3.1 and needs careful consideration by stakeholders. 
The research highlights the importance of robust and reliable estimates of games console 
electricity use so that opportunities for electricity saving can be identified and verified. A 
review of the potential for various efficiency improvements to reduce PlayStation®4 
electricity use is also shown to be valuable. It is recommended that policy makers use a 
similar approach to guide the development of energy efficiency standards and regulations 
for games consoles in future to maximise the improvement in energy efficiency and to reduce 
the impact of these devices on climate change. 
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Further Work 
The thesis concludes with recommendations for further research to improve understanding 
of games console energy efficiency including: 
 Improved estimates of inactive time: The time a console spends switched on but 
inactive is still based on assumptions. Improving the estimate of inactive time for 
games consoles, particularly for heavier users, would help to refine the estimates of 
electricity saving for efficiency improvements such as suspend to RAM and APD; 
 Trends in console electricity use: The study of PlayStation® platforms’ electricity use 
over time in Chapter 3 does not consider consoles manufactured by companies other 
than Sony. Whether the trend for PlayStation® platforms is applicable to other 
console brands is unknown. Further power consumption testing on other console 
brands could establish whether the trends in electricity use and power consumption 
of PlayStation® platforms are representative of the industry as a whole; 
 Potential electricity savings for new consoles: The research presented herein 
focuses on the potential electricity saving of efficiency improvements for 
PlayStation®4 consoles only. This study could be updated to include other consoles 
recently launched, such as Xbox One; 
 Usage data for new consoles: Current usage estimates for PlayStation®4 consoles 
are based on the usage of HD consoles. As data becomes available for new consoles, 
the research concerning the potential electricity savings could be updated; 
 Update the analysis of the potential electricity saving of efficiency improvements: 
The research detailed in Chapter 4 is based on the current state of technology and it 
is likely that new efficiency improvements and console functions will become 
available. Further research could consider these developments in technology; and 
 Consider the electricity use of the supporting infrastructure: Games consoles and 
many other products are becoming increasingly interactive and acting as part of a 
system rather than simply a discrete device. As a result, it is likely that the electricity 
use associated with the provision of cloud gaming services, media streaming and 
downloadable content will increase. 
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1 Introduction 
1.1 Chapter Objectives 
This chapter will: 
 Outline the project background and scope; 
 Discuss the rationale for the project; 
 Define the important terms used in this thesis; 
 Introduce games consoles as an electricity using product; 
 Describe the development of energy efficiency policies and standards for games 
consoles to-date; 
 Summarise existing estimates of games console electricity use;  
 Introduce the industrial sponsor as a games console manufacturer; and 
 Outline the focus of the research. 
1.2 Research Topic and Scope 
The focus of this research is the electricity use of games consoles, what is technically 
achievable in terms of reducing games console electricity use through efficiency 
improvements and how standards and regulations can help to facilitate and accelerate the 
implementation of these improvements. This chapter introduces the relevant background to 
the research and the industrial sponsor. The geographical scope of this research is European 
due to location of the researcher, and hence the data made available by the sponsor 
organisation, and the consideration of consoles by the European Union (EU) Eco-design 
Directive with which the researcher has been directly involved. However, the research does 
use data from other regions, including the United States (US), due to a paucity of data for 
games console power consumption, electricity use and usage in Europe. The implications of 
the research are global due to the simultaneous consideration of games console energy 
efficiency under various regulatory, voluntary and standard based initiatives (introduced in 
Section 1.7 below) in the EU, Australia, California and the US. 
The main objectives of this research are to: 
 Accurately estimate games console electricity use; 
 Improve understanding of how games console performance and functionality influences 
power consumption and efficiency; 
 Identify opportunities to improve the energy efficiency of games consoles and therefore 
reduce their electricity use; and 
 Determine which approach, if any, is likely to result in the greatest improvement in 
games console energy efficiency and hence the greatest reduction in electricity use. 
The following sections discuss the background to the research, including a description of the 
policy background, the development of games consoles over time, and how consumers use 
consoles. 
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1.3 Appliance Electricity Use: A Growing Problem 
There is now an internationally recognised goal to limit the global mean temperature 
increase to below 2oC (European Environment Agency, 2010) to “prevent dangerous 
anthropogenic interference with the climate system” (United Nations Framework 
Convention on Climate Change, 2009). In order to achieve this limit, emissions of Greenhouse 
Gases (GHGs) need to be significantly reduced. 
In the EU, nearly 40% of final energy consumption is attributable to houses, public and 
private offices, shops and other buildings, with lighting and electrical appliances accounting 
for 15% of this energy consumption in residential homes (European Commission, 2011). de 
Almeida et al. (2011) report that the average EU energy consumption for electrical appliances 
and lighting per household increased by 2.5%/year in the period 2000-2006, while electricity 
use of Information Communication Technologies (ICT) and Consumer Electronics (CE) was 
anticipated to rise by 250% by 2030 without intervention (Asia Pacific Economic Cooperation, 
2009). This increase is partly due to some newer, more sophisticated devices needing more 
energy to function, such as High Definition (HD) flat screen televisions (despite being more 
efficient), and also due to old appliances being kept and used in other areas of the home 
(Energy Saving Trust, 2011). Keirstead (2006) states the proliferation of domestic appliances 
and smaller household units as drivers for a reported 3%/year increase in domestic electricity 
consumption since 1970 in the UK. 
In response to these challenges, a key part of EU energy policy is to improve the efficiency of 
appliances to help to reduce GHG emissions arising from the use of these products. The Eco-
design Directive was introduced for Energy using Products (EuP) in 2005 (European 
Parliament and Council, 2005) in response to the finding that 80% of all product related 
environmental impacts are determined during the design phase (European Commission, 
2001). The Directive has since been recast to include Energy related Products (ErP), (products 
that do not rely on energy to function but effect the electricity use of EuP) (European 
Parliament and Council, 2009), and further amended under the Energy Efficiency Directive 
(European Union, 2012). The Energy Efficiency Directive suggests widening and accelerating 
the framework for setting Eco-design requirements for products, including giving priority to 
products offering the highest energy saving potential, i.e. reduction in total electricity use of 
the product group, and revising existing measures as necessary. The Eco-design Directive is 
described in more detail in Section 1.7.1. 
In response to the recognised 2oC warming limit for global mean temperatures, the EU has 
implemented the “20-20-20” targets under its Climate and Energy Package (Europa, 2010). 
This requires at least a 20% reduction of EU GHG levels, against a 1990 baseline, a 20% 
improvement in energy efficiency, and increasing the share of EU energy consumption 
produced from renewable sources to 20%. More recently, proposals for the Seventh 
Environmental Action Programme concluded that a reduction in GHG emissions of 85-90% 
by 2050 (against a 1990 baseline) is necessary to avoid dangerous levels of warming that 
could permanently disrupt the climate system, with measures to support the promotion of 
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sustainable products services highlighted as essential to achieve the suggested reductions 
(Council of the European Union, 2012). 
Regulations and standards relating to product electricity use and efficiency have been 
implemented widely; Australia, the US, Israel, Turkey, South America, Mexico, Korea and 
Japan, all have product related energy requirements. In addition, there are also some global 
initiatives such as the “1-Watt plan” promoted by the International Energy Agency (IEA) that 
proposes all countries should harmonise energy policies to reduce standby power to less 
than 1 W per device (International Energy Agency, 2007). 
This section shows that product energy efficiency is a burgeoning area of government policy 
in many regions, with an increasing number of appliances falling within the scope of the 
resulting regulations and standards. 
1.4 Definitions 
In order to discuss games console electricity use, energy efficiency and power consumption, 
it is first necessary to define each of these terms. Although often used interchangeably, the 
following definitions will apply throughout this thesis: 
POWER CONSUMPTION – this is the power required by an appliance to perform a specific 
task or fulfil a user request. For example, a DVD player may require 45 W to play a disc. The 
power consumption of the DVD player could also be measured in standby mode, for 
example. 
ELECTRICITY USE – this refers to the electrical energy used by an appliance over time. For 
instance, consider a DVD player playing a film disc for 2 hours/day with a power consumption 
of 45 W. This appliance would use 90 Wh/day, or 630 Wh/week to play film discs. 
ENERGY EFFICIENCY – is a comparative measure of energy required to achieve a particular 
performance (International Electrotechnical Commission, 2010). 
Improvements in energy efficiency can be defined as “a reduction in the energy used for a 
given service”, for example lighting or heating (World Energy Council, 2010). By definition 
energy efficiency is a product of power consumption and performance.  
For example, take two DVD players that have HD output capability. One uses 45 W when 
playing a disc, and the other 25 W. Therefore, the second is more efficient as it provides the 
same performance but requires less power to do so. The key to efficiency comparisons is that 
like for like services or functions are being compared. An example of an incorrect efficiency 
comparison would be to compare the power consumption of a DVD player versus a Blu-ray 
player as these devices have different performance. Simply comparing the power 
consumption of the two devices does not give an indication of efficiency. 
To link these concepts to the wider objective of the thesis, which is related to mitigating 
climate change, it is important to highlight how reductions in power consumption and 
electricity use, and improvements in energy efficiency contribute towards this objective. 
Amanda Webb  Doctoral Thesis 
4 
 
Electricity generation has an associated carbon impact. As such, any reductions in electricity 
use (kWh), through power consumption reductions (W) or reduced time spent using devices 
(h), can help to reduce the carbon emissions that result from the use of products such as 
games consoles. Estimates of the carbon emissions associated with electricity use in Europe 
range between 400 g/kWh (European Environment Agency, 2011) and 650 g/kWh (European 
Commission, 2009). 
1.5 Games consoles as energy using products 
Consoles have developed significantly since their introduction 40 years ago, both in terms of 
the range of functions available and their performance. The first home games console, an 
analogue system powered by batteries (the Magnavox Odyssey), was released in 1972 (The 
games console, 2011). In the following years various consoles were released that offered 
more games and more sophisticated gaming, including multi-player options. 1976 saw the 
introduction of the Fairchild Channel F console, the first programmable system that had 
games cartridges containing Read only Memory (ROM). Consoles continued to develop 
rapidly offering more display colours, moving from game cartridges to CDs, until today where 
consoles on sale offer photo realistic gaming and a wide variety of secondary functionalities2 
such as Internet browsing, online gaming, digital television viewing and media playback 
including CDs, DVDs, Blu-rays and streaming content via an Internet connection. 
Consoles currently on sale in Europe include the Nintendo Wii U, the Microsoft Xbox 360 and 
Xbox One and the Sony PlayStation®3 and PlayStation®4. In terms of the gameplay 
experience, the quality of the graphics and the number and range of secondary functions 
available, there is no comparison between consoles currently on sale and early consoles 
described above. Although on sale at the same time, current consoles are very diverse in 
terms of the functionality and the level of performance they offer, for example, the Wii U 
does not offer DVD playback, the Xbox 360 offers DVD and HD-DVD playback and the 
PlayStation®3 offers DVD and Blu-ray playback. These consoles are also reprogrammable 
with updates to the operating system able to be downloaded from within consumers’ homes, 
via a game disc or an Internet connection. 
The improved performance and functionality of games consoles over time has been 
accompanied by an increase in power consumption and hence electricity use. Measurements 
made by the NRDC (2008a) show the increase in console power consumption since the mid-
1990s to consoles on sale in 2007. For example, the power consumption of the Nintendo 64 
and PlayStation® consoles was around 8 W in active modes, increasing to around 25 W for 
PlayStation®2 and GameCube consoles with a further increase of around 165 W reported for 
HD Xbox 360 and PlayStation®3 consoles, with measurements of up to 190 W. 
                                                          
2 Secondary functionality is defined here as anything other than game play, such as Internet 
browsing and watching movies. 
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Coupled with the increase in power consumption, the time that a console spends switched 
on is also likely to increase as more functions are added. Furthermore, the number of units 
sold has also dramatically increased with annual sales in Europe of around 0.5 million in 1995, 
peaking at over 18 million in 2008 (VGChartz, 2012b). Sales of consoles in Europe are shown 
in Figure 1.1. Despite the trend of increasing sales over time, sales for 2013 are at a similar 
level to 2006. This is due to a number of factors, including but not exclusive to, the removal 
of the Wii from the market and a decline in sales of Xbox 360 and PlayStation®3 due to the 
anticipated launch of Xbox One and PlayStation®4 in November 2013. Some of the reduction 
in console sales could also be attributable to competition from emerging gaming markets on 
other devices such as thin clients and tablets, as discussed in Section 1.6 below. 
Consequently, the total electricity use of all consoles has increased although the exact 
magnitude of this increase is unknown. Estimates of annual cumulative games console 
electricity use in the US have increased considerably from 0.5 TWh / year in 1999 (Rosen et 
al., 2001), to 2.4 TWh / year in 2007 (TIAX, 2007), rising to around 16 TWh / year in 2010 
(Hittinger et al., 2012). 
The estimated increase in console electricity use has fuelled stakeholder concern regarding 
the future electricity use of games consoles and their impact on climate change. As a result, 
games consoles have come under increasing scrutiny as more products are considered for 
standards or regulation to improve their efficiency. Policy initiatives that specifically consider 
games console energy efficiency are discussed in Section 1.7. 
 
Figure 1.1 Annual sales of consoles in Europe between 1995 and 2012 (VGChartz, 2012b) 
Although console power consumption has increased between generations, it is important to 
note that within the lifetime of each console generation hardware is changed in newer 
models to adopt technological advances, such as die shrink (see Chapter 4 for more details). 
Often these improvements result in reduced power consumption while performance is held 
constant, thus improving energy efficiency. The power consumption of PlayStation®3 
consoles, for example, has fallen by over 60% in gaming mode since launch from 198.2 W to 
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78.9 W (see Section 3.6.1.3). However, this trend is not well reflected in the assessments of 
console electricity use completed to date by NGOs, academics and government authorities, 
which are collated and compared in Section 1.8 below. Research in Chapter 3 improves the 
estimate of HD console electricity use using more appropriate usage data and power 
consumption measurements that account for the reductions in power consumption over the 
product lifetime. 
At this stage in the thesis it is important to highlight that the use phase electricity use of 
games consoles accounts for only part of their contribution to climate change. Although 
there are no life-cycle assessment (LCA) studies available for games consoles, it is reported 
in the literature that the use phase for ICT products makes the largest contribution to the 
overall life-cycle impacts. The majority of studies on PCs, which have a similar architecture 
and chip density to games consoles, have found that the use phase for PCs has the greatest 
life-cycle impact (Yao, et.al 2009). Furthermore, the Eco-design Directive preparatory study 
on personal computers estimated that the use phase was around six times as energy 
intensive as the other life-cycle phases (IVF Industrial Research and development 
corporation, 2007). 
Supporting the current understanding that the use phase of ICT and appliances has the 
greatest contribution to climate change are the numerous studies on games console 
electricity use, which is perceived to have increased considerably over recent years. Existing 
estimates of games console electricity use are summarised in Section 1.8. 
1.6 Gaming as a leisure activity 
Recent years have seen the gaming market becoming more complex as sales of new 
platforms such as smartphones and tablets have increased significantly. As stated in the 
GameVision report (2010a): 
“the number of ways in which people can play games is increasing, the distinction 
between types of games are becoming less clear and the competition for gamer’s 
time and money is intensifying”. 
This is supported by a drop in Active Classical3 gamers of over 10 million, from 74.8 million 
in Autumn 2011 to 63.4 million in Autumn 2012, at the same time as the number of Active 
Smartphone Gamers4 has doubled (GameVision, 2012). 
Despite the changes in market share, it would appear that, rather than reducing the number 
of gamers active on traditional platforms, such as PCs and consoles, smartphones and tablets 
                                                          
3 An Active Classical gamer is a Gamer who has in the last 12 months bought or been given, 
for their own personal use, a games system or a “Classical” game (a boxed game or its 
equivalent delivered digitally) (GameVision, 2012). 
4 An Active Smartphone Gamer is a Gamer who has bought a game for an iPhone or other 
Smartphone in the last 12 months (GameVision, 2012). 
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are opening up gaming to a new audience. For example, only 3% of Active Gamers have spent 
money on Social Network games due to the failure to deliver an authentic gaming experience 
(GameVision, 2011a). 
PC gaming has consistently been the primary gaming platform for European users; between 
30% and 49% of gamers aged 16-64 report the PC as their main gaming system (Interactive 
Software Federation of Europe, 2012b). Mobile devices and consoles are the second most 
popular with between 18% and 38% and 16% and 37% of gamers active on these platforms 
respectively (ibid.,). 
In terms of time spent gaming, the trend is towards less dedicated patterns of play with 76% 
of gamers playing for less than 5 hours a week (Interactive Software Federation of Europe, 
2010a). This is in contrast to data for 2005 that reports 34% of gamers play for more than 8 
hours a week and 34% play for between 4 and 7 hours/week (Nielsen Interactive 
Entertainment, 2005). The use of consoles as multimedia devices has also been an interesting 
addition to the current generation of consoles with around a third of users with these 
capabilities reporting to use them once a week (GameVision, 2009,2010,2011). 
Although gaming is often portrayed in the press as a male-only preserve (Interactive 
Software Federation of Europe, 2010a) recent research indicates an almost even 
representation of males and females in the European gaming market; 45% of females and 
55% of males are gamers (Interactive Software Federation of Europe, 2012b). As a result of 
the increase in accessibility of gaming, through mobile and tablet devices, it is predicted that 
by the end of 2013 there will be more females than males playing games in the UK 
(MacKenzie, 2013). In addition the age distribution of gamers is also changing, with an near 
even split between gamers aged 16-34 and those aged 35-64 (Interactive Software 
Federation of Europe, 2012b). 
The games console market is likely to undergo significant changes in the coming years due 
to a number of factors. Firstly, traditional home consoles are facing increasing competition 
from new “thin-client” consoles, such as the Ouya, available for the relatively low cost of 
£100. The Ouya is different to standard consoles as it “brings the openness of mobile and 
Internet platforms to consoles games for the first time” (Ouya, 2013) using an Android 
operating system that allows any developer to publish a game. Secondly, the heavily 
anticipated Xbox One and PlayStation®4 consoles launched in 2013, both of which 
experienced unprecedented launch day sales of over 1 million units each (Goldfarb, 2013). 
This suggests that traditional home games consoles still have a strong market following, 
despite the increasing number of devices that offer a gaming experience. Finally, games 
consoles increasingly require an Internet connection to support some of the new features 
and functions. A network connection also gives users access to vast quantities of content; 
this could have implications in terms of usage, particularly if Internet speeds continue to 
improve. 
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1.7 Interest in Games Console Electricity Use 
In 2008, a US based Non-Governmental Organisation (NGO), the Natural Resources Defense 
Council (NRDC), published a report concerning the electricity use of games consoles, 
Lowering the Cost of Play (NRDC, 2008a). The NRDC labelled the report “the first ever 
comprehensive study on the energy us of games consoles”, estimating the electricity use of 
consoles in the US to be 16 billion (16,000,000,000) kWh/year (ibid.,). It also highlighted that 
in an extreme case HD Xbox 360 and PlayStation®3 consoles could each consume more than 
1000 kWh/year if left switched on all the time, equal to the annual electricity use of two new 
refrigerators (NRDC, 2008b). Reasons suggested for the increase in electricity use include the 
growing number of consoles in use, increasing power consumption, hard to access power 
management features and an increasing number of additional entertainment features. 
The publication of this report alerted policy makers to the estimated significant increase in 
games console electricity use. This has led to games consoles being studied through various 
energy efficiency initiatives (described below) with the expectation that the potential for 
reducing electricity use is high. Governments anticipate that implementing regulations and 
standards for games consoles could help to achieve policy objectives regarding improving 
energy efficiency, and reducing electricity use and the associated carbon emissions. 
The NRDC made the following recommendations as a result of their study: 
 Power management features default enabled – consoles should be shipped with an 
Auto-Power Down (APD) feature that activates after 1-3 hours of inactivity; 
 Auto-save features – manufacturers and game developers should cooperate to 
develop standard auto-save features so that the user experience is not disrupted 
when a power down occurs; 
 Sleep button on the controller – this would allow users to place the console in a low 
power mode, from which they could resume from where they left off; 
 Lower power media playback – new console designs should be optimised to lower 
the power consumption during movie playback; 
 Scalable processors – next generation games consoles should take advantage of 
these technologies to dramatically lower the power consumption in “idle” modes; 
 Test procedure development – console manufacturers should collaborate to 
develop a test method for console power consumption to allow equivalent 
comparisons to be made between platforms; and 
 Console usage – the industry should share market studies or commission new ones 
to improve understanding of console usage, and ultimately electricity use. 
Following the publication of the NRDC report, games consoles have been identified as a 
product group for policy action in the EU, the US, California and Australia and New Zealand 
to reduce electricity use through improved efficiency. Games console energy efficiency can 
be improved by reducing power consumption per unit of performance and/or reducing the 
time the console spends switched on when not in use. Each policy initiative is described 
below in addition to a summary of any proposed requirements. 
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1.7.1 European Union Eco-design Directive 
The Eco-design Directive was first adopted in 2005 to promote the establishment of Eco-
design requirements for energy using products (EuP), defined as (European Parliament and 
Council, 2005): 
“a product which, once placed on the market and/or put into service, is dependent 
on energy input to work as intended…” 
The Eco-design Directive was subsequently recast in 2009, expanding the scope to energy 
related products (ErP), defined as (European Parliament and Council, 2009): 
“any product that has an impact on energy consumption during use which is placed 
on the market and/or put into service and includes parts intended to be incorporated 
into energy related products covered by this Directive which are placed on the 
market and/or put into service as individual parts for end-users..” 
The recast of the Eco-design Directive has broadened its scope significantly, with products 
such as energy saving taps and windows now included, as they can affect the electricity use 
of other products even though they do not rely on electricity input to function. The Eco-
design Directive forms part of an extensive product related policy area, with the express aim 
of taking action during the design phase of products as this is when the lifecycle 
environmental impacts are determined and most of the producer costs committed. 
Specifically the Eco-design Directive contributes towards the element of the Sixth 
Environmental Action Programme regarding Integrated Product Policy and the Thematic 
Strategy on Natural Resources. 
The scope of products considered under the Eco-design Directive are outlined in a Working 
Plan, updated every three years, which sets out an indicative list of product groups 
considered a priority for the adoption of implementing measures (Article 16(1)). The current 
working plan was adopted in December 2012 and includes window products, power cables 
and water-related products as priority product groups (European Commission, 2012a). 
In order to be eligible for an implementing measure under the Eco-design Directive, products 
must satisfy the following criteria (Article 15 (2)): 
a) The product shall represent a significant volume of sales and trade, indicatively more 
than 200,000 units a year within the Community according to the most recently available 
figures; 
b) The product shall, considering the quantities placed on the market, and/or put into 
service, have a significant environmental impact within the Community, as specified in 
the Community strategic priorities as set out in Decision No 1600/2002/EC; and 
c) The product shall present significant potential for improvement in terms of its 
environmental impact without entailing excessive costs, taking into account in particular: 
i. The absence of other relevant Community legislation or failure of market forces 
to address the issue properly; and 
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ii. A wide disparity in the environmental performance of products available on the 
market with equivalent functionality. 
Products that fulfil the criteria listed above are initially assessed in a preparatory study 
according to the Methodology for Eco-design of Energy Related Products (MEERP) 
(COWI/VHK, 2011). The preparatory study includes the following stages, or tasks: 
1. SCOPE – definitions, standards and legislation; 
2. MARKETS – volumes and prices; 
3. USERS – product demand side; 
4. TECHNOLOGIES – product supply side, including Best Available Technology (BAT) and 
Best Not yet Available Technology (BNAT); 
5. ENVIRONMENT AND ECONOMICS – Base case Life Cycle Analysis (LCA) and Life Cycle 
Cost (LCC); 
6. DESIGN OPTIONS; and 
7. SCENARIOS – policy, scenario, impact and sensitivity analysis. 
The purpose of tasks 1-4 is to gather data for input to the modelling process in Tasks 5-7, 
while also improving understanding of the product in question for all stakeholders involved. 
Tasks 5-7 are concerned with establishing whether Eco-design requirements should be set 
for the product in question. 
Following completion of the preparatory study, each Lot undergoes a similar process of 
evaluation, which is summarised below (European Commission, 2010): 
 A Consultation Forum (consultation of all interested stakeholders); 
 An Impact Assessment; 
 A Regulatory Committee; and 
 A scrutiny by the European Parliament. 
Any measures suggested must meet the following criteria, as listed in the Directive (Article 
15 (5)): 
(a) there shall be no significant negative impact on the functionality of the product, 
from the perspective of the user; 
(b) health, safety and the environment shall not be adversely affected; 
(c) there shall be no significant negative impact on consumers in particular as 
regards the affordability and the life cycle cost of the product; 
(d) there shall be no significant negative impact on industry’s competitiveness; 
(e) in principle, the setting of an eco-design requirement shall not have the 
consequence of imposing proprietary technology on manufacturers; and 
(f) no excessive administrative burden shall be imposed on manufacturers. 
If this is not possible then the product group is deemed ineligible for measures (ibid.,). 
An interesting feature of the Eco-design Directive is that it can be enforced through either 
an implementing measure (IM), i.e. mandatory legislation, or a voluntary initiative such as 
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self-regulation, with voluntary approaches preferred. An IM, as defined in Article 2(3) 
(European Parliament and Council, 2009), is a measure adopted pursuant to the Eco-design 
Directive which lays down Eco-design requirements for defined products or for 
environmental aspects thereof. These requirements are mandatory. In contrast, a voluntary 
approach (the preferred approach to implementing the Eco-design Directive) is an 
agreement between industry and the Commission with no legislative implications. Annex VIII 
of the Eco-design Directive gives a list of “indicative criteria to evaluate the admissibility of 
self-regulatory initiatives as an alternative to an implementing measure”. These are as 
follows: 
1. Openness of participation; 
2. Added value; 
3. Representativeness; 
4. Quantified and staged objectives; 
5. Involvement of civil society; 
6. Monitoring and reporting; 
7. Cost effectiveness of administering a self-regulatory initiative; 
8. Sustainability; and 
9. Incentive compatibility. 
At present (Jan 2014) the Eco-design Directive has led to 23 product lots being implemented, 
10 are at the consultation forum stage and another 9 lots have a preparatory study underway 
or completed (eceee, 2013). Despite the preference for voluntary measures, to date only 5 
lots are being pursued on a voluntary basis, including games consoles. The proposed 
voluntary approach for games console energy efficiency is described below. It is anticipated 
that the combined electricity savings of the priority product groups covered by the 2012-
2014 working plan would amount to just under 3000 PJ/year in 2030, or 83 TWh (European 
Commission, 2012a). Furthermore, a recent evaluation of existing implementing measures 
for seven product groups, including household refrigerating appliances, external power 
supplies, washing machines, household dishwashers, tertiary lighting, non-directional 
household lamps and simple set top boxes, estimates that a further 40 – 70 TWh can be 
saved through review of existing requirements (CLASP, 2013). 
Games consoles are listed in the 2009-2011 working plan under Sound and Imaging 
Equipment alongside video players and recorders and projectors, also known as Enterprise 
and Industry (ENTR) Lot 3 (where ENTR is the European Commission Directorate General 
(DG), or department, responsible for the preparatory study). Following identification of 
games consoles as a product group that has significant potential for electricity savings a 
consultation of stakeholders began. The initial stakeholder meeting was held in May 2009 
(Ecomultimedia, 2013) and covered initial progress on Tasks 1-3 for each of the product 
groups. Two further stakeholder meetings were held in February and June 2010, during 
which the results of Tasks 4 and 5 and Tasks 6 and 7 respectively were presented. The final 
preparatory study was subsequently published in November 2010 (AEA, 2010). 
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The preparatory study does not cover gaming desktops and laptops as these are already 
covered under the Eco-design measure for computers. Thin clients are not covered as the 
majority of the environmental impacts occur in remote data centres (now included in the 
2012-2014 working plan (European Commission, 2012a)), nor does it consider hand held 
consoles or educational games consoles with integrated screens as these are battery 
operated products and covered by other legislation. 
The preparatory study made several recommendations to improve current consoles, 
including: 
 Additional components to run non-gaming applications; 
 Additional power management functionality; 
 Efficient power supplies; 
 Scalable processors; 
 Reducing material content; 
 Reducing the number, and amount of, hazardous materials; 
 Designing for end of life, material reuse and upgradability; 
 Auto Power Down; and 
 Hard off switch. 
The preparatory study estimates electricity savings of 3.7 TWh in 2020 as a result of reduced 
idle mode power consumption and reduced time in idle modes (AEA, 2010). However, it was 
highlighted by manufacturers that over 40% of the estimated saving for games consoles was 
attributable to the standby regulation already in place. Furthermore, the electricity savings 
estimates assumed that consoles could achieve 45 W in idle modes, something that 
manufacturers strongly contested. The main reason for the manufacturer’s concern was that 
this limit would apply to consoles already on the market, i.e. PlayStation®3 and Xbox 360, 
both of which would require significant hardware redesign to achieve the proposed limit, 
something that is not economically viable after the launch of a product. In addition, the limits 
would also apply to new consoles not yet available, such as PlayStation®4 and Xbox One that 
launched in 2013, and could impede the functionality or performance of these devices that 
were still unknown at this time. 
Following publication of the preparatory study, console manufacturers worked together to 
develop a voluntary industry approach to improve games console energy efficiency that 
addressed their concerns about the appropriateness of the preparatory study analysis and 
the resulting recommendations. The proposed requirements of the console manufacturer’s 
voluntary agreement are shown in Table 1.1 and Table 1.2, which have been extended to 
account for new consoles launched in 2013 (PlayStation®4 and Xbox One). The requirements 
cover navigation (home menu) and media modes. In addition, Auto Power Down must be 
enabled by default at 1 hour for gaming and 4 hours for media modes to reduce the time 
that a console spends switched on when not being used. Gaming modes are not included as 
manufacturers claim that this is the main function of a console and placing restrictions on 
this mode could adversely affect console performance. Furthermore, gaming PC power 
consumption is not subject to any requirements when gaming (European Commission, 
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2013a) and maintaining consistency between requirements for products that provide a 
similar function is essential to avoid distorting the market in favour of one product over 
another. Console manufacturers have been criticised that the power consumption 
requirements in the voluntary agreement for HD consoles are not ambitious as HD consoles 
on sale in 2013 already achieve the power limits. Although this suggests that console 
manufacturers are not committing to any further improvements for HD Xbox 360 and 
PlayStation®3 consoles on sale, two important considerations support the manufacturer 
power consumption limits for HD consoles: 
1. As of 2014, Xbox 360 and PlayStation®3 consoles have been available in Europe for 
nine and seven years respectively, with their successors (Xbox One and 
PlayStation®4) both launched in November 2013. Previous games consoles have 
been sold for between 3 years (Sega Dreamcast) and 12 years (PlayStation® and 
PlayStation®2). Therefore, HD Xbox 360 and PlayStation®3 consoles are likely to be 
approaching the end of their commercial lifetime. As a result it is not economically 
viable for console manufacturers to invest in further hardware redesign as any costs 
incurred are unlikely to be recouped through product sales; and 
2. As discussed above in Section 1.5, the power consumption of HD consoles has 
already been reduced considerably since launch and it is likely that cost effective 
opportunities for efficiency improvements have already been taken. 
Other stakeholders have suggested that much lower power consumption limits should be set 
for HD and new next generation consoles, based on a comparison with other products that 
provide the same function as consoles, for example a DVD player. Although a discrete DVD 
player does provide equivalent performance in terms of DVD playback, games consoles are 
optimised for gaming and therefore have very different hardware that cannot be compared 
to discrete DVD players. Comparisons are also made between consoles that do not have 
equivalent performance, for example the Wii U, and PlayStation®3 and Xbox 360 consoles. 
Although all are gaming machines, the Wii U benefits from completely new hardware 
technologies that were not available when the PlayStation®3 and Xbox 360 were designed. 
Wii U has therefore been able to take advantage of technological developments that allow 
it to offer considerably higher performance compared to the Wii, but using less power than 
PlayStation®3 and Xbox 360 consoles. 
The fact that the power limits proposed by console manufacturers for new next generation 
consoles are the same or similar as those for HD consoles is a significant commitment 
considering that the increase in console power consumption between console generations 
in the past has been substantial (see Section 1.5 above). Achieving these power limits is likely 
to require considerable efforts given the improved performance and functionality of new 
consoles. 
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Table 1.1 Navigation mode power limits (Console Manufacturers, 2013) 
 High Definition 
Consoles (W) 
New Consoles 
(W) 
Tier 1 
(Effective from 1st 
January 2014) 
90 90 
Tier 2 
(Effective from 1st 
January 2016) 
- - 
Tier 3 
(Effective from 1st 
January 2017) 
70 70 
Tier 4 
(Effective from 1st 
January 2019) 
- - 
 
Table 1.2 Media mode power limits (Console Manufacturers, 2013) 
 High Definition 
Consoles (W) 
New Consoles 
(W) 
Tier 1 
(Effective from 1st 
January 2014) 
90 - 
Tier 2 
(Effective from 1st 
January 2016) 
- 90 
Tier 3 
(Effective from 1st 
January 2017) 
70 - 
Tier 4 
(Effective from 1st 
January 2019) 
- 70 
Normally a final “Consultation Forum” is held within around 4.5 months of the preparatory 
study publication, during which initial results of an Impact Assessment study regarding 
various policy options are presented. In the case of the Sound and Imaging product Lot, 24 
months lapsed until the Consultation Forum was held, due to changes in Commission 
personnel and continued criticism of the preparatory study findings. In particular, console 
manufacturers were concerned that the estimated electricity savings were overstated by 
over four times and that the assessment of efficiency improvements were unsubstantiated 
(Console Manufacturers, 2012d). Various stakeholders involved in the process of standards 
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and regulation development, including representatives from industry groups, 
manufacturers, Member States, NGOs and the consultants that prepared the study, attend 
the Consultation Forum. The initial conclusions of the consultants’ Impact Assessment study 
for consoles recommended mandatory Eco-design Directive measures as the preferred 
policy option; the voluntary industry approach was deemed not to satisfy the requirements 
of Annex VIII of the Eco-design Directive. Similar to the results of the preparatory study, the 
results of the Impact Assessment study were challenged by console manufacturers, with 
many of the concerns raised about the preparatory study remaining unchanged, plus the 
addition of estimates of future console electricity use based purely on assumptions. As a 
result, significant changes were made to the Impact Assessment study with the final draft 
concluding that it “abstains from adopting implementing regulations for this product group” 
(Intertek, 2013). Supporting this decision are factors such as the low number of console 
manufacturers that makes collaboration and agreement on a voluntary basis easier, plus the 
fact that manufacturers have made significant reductions in product power consumption 
that have been achieved in the absence of mandatory requirements. As a result, console 
manufacturers are currently finalising their voluntary agreement for games console energy 
efficiency, which as of April 2014, is in the process of being accepted by DG ENTR. Following 
acceptance by the DG, the agreement will then be subject to a process of “Inter-Service 
Consultation” whereby feedback is sought from other parts of the Commission. In terms of 
formal approval, because the agreement is voluntary, Member States do not have an official 
role but can raise concerns that might influence the Commission. The European Parliament 
also has a limited role, but depending on the level of comment from Member States and 
other stakeholders, it may choose to comment. During the course of this EngD project, much 
of the research completed has been used by console manufacturers to inform the 
development of their voluntary agreement and to estimate the electricity savings. The fact 
that the Commission has accepted the voluntary approach is significant; this will be only the 
third voluntary agreement under the Eco-design Directive and the first for DG ENTR and 
could help to further understanding of how a voluntary approach can inform future policy 
development for other product groups. 
In addition to requirements under ENTR Lot 3, games consoles are also required to comply 
with horizontal Eco-design Directive implementing measures, where a horizontal measure 
applies to all products with a particular function as opposed to vertical measures that apply 
to a specific product category. Standby and networked standby modes (defined in Sections 
2.5.4 and 2.5.5 respectively) power consumption requirements are detailed in Commission 
Regulation 801/2013 and summarised below (European Commission, 2013b). As of 2014, 
only PlayStation®3 and PlayStation®4 consoles have a networked standby mode. 
Standby 
January 2013 – 0.5 W 
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Networked standby 
January 2015 – 6.0 W 
January 2017 – 3.0 W 
January 2019 – 2.0 W 
1.7.2 United States ENERGYSTAR® 
The ENERGYSTAR® program, introduced in 1992, is a joint project between the US 
Environmental Protection Agency (EPA) and the US Department of Energy (DoE) (US EPA DoE, 
2010). It is one of the longest standing voluntary initiatives relating to the power 
consumption of electrical and electronic goods. The programme is intended to stimulate 
market transformation through the promotion of energy efficient products and practices, 
thereby protecting the environment by reducing electricity use (EnergyStar®, 2010). Similar 
to the Eco-design Directive, product groups are selected on the basis that the potential exists 
for substantial electricity savings. 
Originally established for energy efficient computers (US EPA DoE, 2003), the programme 
has grown significantly and now covers a large number of product categories including 
appliances, building products, computers and electronics, heating and cooling, lighting and 
fans and plumbing. These categories now cover over 60 product types with more being 
added all the time. 
As stated by McWhinney (2005), the ENERGYSTAR® label allows consumers to easily identify 
efficient products that save money and energy and, more importantly, stimulate demand for 
high-efficiency products. Estimates show that in 2007 annual carbon savings for consumer 
electronics, as a result of the ENERGYSTAR® program, were 2.6 million tonnes of carbon 
(MtC), with the total for all product categories reaching 22.4 MtC (Sanchez et al., 2007). 
Games consoles have been included in the scope of the ENERGYSTAR® program since the 
Version 4.0 requirements for computers were published in 2007 although no requirements 
were detailed (EnergyStar®, 2007). Subsequently included in Version 5.0 of the computer 
requirements, again without any specific requirements for consoles, it was acknowledged 
that the computer requirements were not appropriate for games consoles, leading to 
publication of a separate set of requirements for consoles, Version 5.1. (EnergyStar®, 2009b). 
Similar to the Eco-design Directive process described above for games consoles many of the 
recommendations made for games consoles have been based on other products hardware, 
with many of the requirements for PCs simply applied to games consoles despite the 
substantial differences in function and design. 
On 5th March 2013, the EPA released the final recognition criteria (power limits and APD 
requirements) for games consoles that were effective immediately (Environmental 
Protection Agency, 2013b). The power limits for the modes included are summarised in Table 
1.3 and Table 1.4. Interestingly, the requirements for APD in Table 1.3 are identical to those 
in the console manufacturer voluntary agreement, demonstrating consensus on this aspect 
of console energy efficiency. Despite comments from console manufacturers and industry 
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groups regarding the power limits being too stringent, these have not been changed in the 
final version of the requirements. The focus of the EPA is to “recognise leadership” and states 
that “it is pleased to recognise manufacturers that take the steps to make energy efficiency 
a top priority for the design of their game consoles” (Environmental Protection Agency, 
2013a). The majority of consoles on sale at this time (March 2014) cannot achieve these 
requirements; the Nintendo Wii U can, but has chosen not to be endorsed by the scheme. It 
is likely that Nintendo are reluctant to be recognised by the ENERGYSTAR® Program for 
games consoles as this could set a precedent for other energy efficiency standards and 
regulations currently under development in other regions. In particular, there is concern 
from manufacturers that these requirements could be adopted by initiatives that will result 
in mandatory legislation. One of the main problems with the ENERGYSTAR® programme is 
that it is a voluntary labelling scheme that aims to encourage consumers to purchase efficient 
(low power) electrical devices, however, console performance is not considered in enough 
detail for effective comparison of efficiency between different console models. A US 
consumer NGO, Enervee, has studied the performance of games consoles in relation to 
power consumption resulting in an efficiency score. This suggests that even though new Xbox 
One and PlayStation®4 consoles have higher power consumption than HD PlayStation®3 and 
Xbox 360 consoles, they are more efficient due to the dramatic increase in performance 
(Enervee, 2014). 58% of US consumers who took part in a gaming and energy study stated 
that the ENERGYSTAR® qualification is “important” or “very important”.(Consumer 
Electronics Association, 2010). However, a recent study on the factors influencing the 
purchase of new consoles reports the most important factors are resolution, processing 
power, price and the games and content available (Pike, 2015). In addition, with only three 
products on the market, labelling is unlikely to have as great effect as for TVs where there 
are hundreds to choose from. With no consoles recognised by the ENERGYSTAR® program 
to date, it is unlikely to have an impact on console electricity use in the US. 
Table 1.3 Auto Power Down Requirements by Mode (Environmental Protection Agency, 
2013b) 
Operational Mode Period of User Inactivity 
Active Navigation Menu 1 hour 
Active Game Play 1 hour 
Active Game Play Pause 1 hour 
Active Video Stream Play 4 hours 
Active Video Stream Pause 1 hour 
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Table 1.4 Game Console Maximum Power Requirements (Environmental Protection 
Agency, 2013b) 
Operational Mode Power limit 
(W) 
Standby 0.5 
Active Navigation Menu 40.0 
Active Streaming Media 50.0 
At present, no revisions are planned to the ENERGYSTAR® Recognition Criteria for games 
consoles, even in light of the launch of new, more sophisticated products. Whether any 
consoles will choose to be recognised by the program remains to be seen. 
1.7.3 California’s Appliance Efficiency Standards 
California’s Appliance Efficiency Regulations were developed in response to a legislative 
mandate to reduce California’s energy consumption (The California Energy Commission, 
2012). In response to a scoping workshop held in August 2011 the NRDC submitted a 
proposal to the Californian Energy Commission (CEC) regarding regulating games consoles 
for energy efficiency, i.e. reduced power consumption for the same performance (NRDC and 
Energy Solutions, 2011). In 2012 amendments were published to the Commission’s 
Appliance Efficiency Regulations (State of California, 2012). The amendments outline the 
products to be considered and when action is likely to take place. Games consoles are listed 
under phase 1, which was planned to run from 2nd Quarter 2012 to 2nd Quarter 2013. Since 
submission of the proposal by NRDC, however, no further action was taken. 
Most recently, the NRDC responded to a request by the Californian government for 
information regarding games console electricity use as part of the amendment process to 
the Appliance Efficiency Regulations (State of California, 2012). The proposal submitted by 
the NRDC updates their previous assessment of games consoles with new power 
consumption and usage data. The assessment focuses only on HD consoles, due to the 
announcement regarding the launch of the Wii U that is also a HD console. Electricity savings 
are calculated based on three scenarios of networked standby activation (10%, 50% and 
90%), where networked standby is a feature that allows a device to be woken up remotely 
via a network signal, with a further two scenarios considering the proportion of consoles left 
switched on when not in use. This results in estimated aggregate electricity savings for Tier 
1 requirements of between 343 GWh and 669 GWh and between 471 GWh and 924 GWh for 
Tier 2 requirements. Table 1.5 summarises the proposed Tier 1 and Tier 2 requirements. 
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Table 1.5 Proposed Tier 1 and Tier 2 requirements for games consoles (NRDC and Energy 
Solutions, 2011) 
 
As shown in Table 1.5, the recommendations made to the CEC are similar to the original 
recommendations made by the NRDC in 2008 covering APD and media modes. This suggests 
that understanding of where the potential exists to reduce games console electricity use has 
not changed over time from an NGO perspective. Limits for standby and networked standby 
modes are added, although these are simply aligned with European legislative requirements 
that are already finalised and likely to be the benchmark globally for these modes. In 
addition, limits for navigation (equivalent to the home menu from which users can select a 
function) and “other modes” are listed, assuming that the introduction of scalable 
processors, that use proportional processing to the task in hand, will reduce the power 
consumption in secondary modes such as Internet browsing (NRDC and Energy Solutions, 
2011). No limits are suggested for gaming power consumption as gaming PCs are not subject 
to such requirements and introducing limits for consoles could unfairly distort the market in 
favour of PCs. This research investigates whether excluding gaming mode from any 
requirements has a substantial effect on the potential electricity savings that can be achieved 
for games consoles. 
1.7.4 Australia’s Equipment Energy Efficiency (E3) Program 
The stated aim of the E3 program is to improve the energy efficiency of appliances and 
products to reduce greenhouse gas emissions in Australia and New Zealand, thus reducing 
energy demand and saving households and businesses on running costs for the appliances 
that they choose (Australian State and Territory and New Zealand Governments, 2013b). 
Two main policy tools are used to achieve reductions in electricity use, Minimum Energy 
Performance Standards (MEPS) and Energy Rating Labels (ERLs). Based on studies of 
Australian Home Entertainment Products (HEPs), games consoles were predicted to account 
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for 20% of HEPs electricity use in Australian homes by 2020, excluding televisions (Australian 
Government Department of Climate Change and Energy Efficiency, 2011). As a result, the 
Australian Government initiated a process to develop MEPS requirements for game consoles. 
MEPS are mandatory and the regulations specify the general requirements for appliances in 
addition to any action that will be taken for non-compliance (Australian State and Territory 
and New Zealand Governments, 2013a). Standards have already been adopted for 17 
product groups, including Televisions, Set Top Boxes, Transformers and Refrigerators and 
Freezers (ibid.,). 
The process for games consoles has been withdrawn after reviewing progress according to 
the original timelines, and in order to allow the console industry to participate fully in the 
other on-going dialogues in Europe, California and the US. The Department of Climate 
Change and Energy Efficiency do, however, “remain committed to support globally 
applicable solutions developed in the future, with either mandatory or voluntary application” 
(Holt, 2012). 
1.7.5 Summary 
The summary of policy initiatives above shows that the approach to games console energy 
efficiency has similarities and differences between regions. As highlighted by Ryan and Wood 
(2013) the approaches differ in the following areas: 
 Policy approach – voluntary/mandatory; 
 Measure of compliance – TEC/modal power demand; 
 Modes of operation – gaming/ media/navigation etc.; 
 Test method; 
 Timeline; and 
 Scope. 
It is also clear that the development of energy efficiency requirements for games consoles is 
complex. For example, the ENERGYSTAR® process took six years to finalise requirements and 
the EU Eco-design Directive process has now entered its sixth year, despite the original 
planned duration from initiating the preparatory study to adopting the measure being 55 
months. Much of the delay in developing energy efficiency requirements for consoles has 
resulted from a lack of data regarding power consumption and usage. Owing to the lack of 
such data, much of the data used are based on assumptions, some of which have been 
disputed by console manufacturers and other stakeholders. For example, NRDC (2008a) 
assume that 50% of users leave their console switched on when not in use, resulting in very 
high estimates of console electricity use. Work described in Chapter 2 shows this assumption 
to be false. 
The lack of data has led to significant uncertainty regarding how much electrical energy 
games consoles use (see Section 1.8 below), and therefore, the potential for electricity 
saving. As a result, consensus between stakeholders, including manufacturers, NGOs and 
Government authorities, regarding the best way to proceed in order to improve console 
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energy efficiency and reduce electricity use has not been reached. This has led to protracted 
discussions for both the Eco-design Directive and ENERGYSTAR® processes, plus the decision 
by the Australian Government to withdraw their proceedings for games consoles and 
resulted in political inertia as the impact of any standards or regulations cannot be accurately 
estimated or agreed by stakeholders. In addition, opportunities to reduce the electricity use 
of HD consoles through the development of standards and regulations for games consoles 
was limited as this began after the launch of the original HD consoles, when considerable 
investment had already been made in hardware design. 
The regions considering games console electricity use described above cover countries with 
some of the most avid gaming populations. Two countries not covered, however, are Japan 
and Korea both of which have a long history of gaming. In recent years interest in console 
gaming has fallen considerably in Japan with reports of the market being at a 24-year low 
(Gordon, 2015). This has been linked to the rise in tablet and mobile gaming. In contrast, 
more traditional gaming is still extremely popular in Korea where it is considered a social 
activity. PCs are by far the most popular gaming platform in Korea, which is largely a result 
of Japanese consoles being considered contraband by the Korean government until the late 
1990s, the impact of which console manufacturers have been unable to reverse to date. 
While consoles were unavailable in Korea it developed its own gaming industry, with the 
online gaming sector expanding rapidly (Yong Jin, 2016). 
Although the governments of both countries are developing energy efficiency policies, these 
do not currently consider games consoles and as such are not included in this study. Further, 
the nature of gaming in these countries is vastly different to the regions described above and 
so consumer behaviour and usage is also likely to differ greatly. 
The following section summarises the available estimates of games console electricity use 
that could be used to inform the development of energy efficiency standards and regulations 
for games consoles. 
1.8 Existing estimates of games console electricity use 
As discussed above, the proposed requirements for games console energy efficiency are not 
consistent between regions. In order to identify which proposals could result in the greatest 
electricity saving it is necessary to understand how much electricity games consoles use. This 
section collates existing estimates of HD console electricity use that could be used to 
estimate the impact of games consoles on climate change and the potential electricity 
savings that could be achieved through the introduction of energy efficiency requirements. 
Several stakeholders, including NGOs, academics, government authorities and console 
manufacturers have attempted to estimate the electricity use of HD games consoles 
(collated and normalised in Table 1.6). Only HD console estimates are considered here as it 
is expected that all future consoles will be at least HD capable; at present, no Standard 
Definition (SD) consoles are available within the EU. In addition, SD consoles have lower 
performance and power consumption and therefore the potential for electricity saving is 
reduced. 
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In order to estimate the electricity use of a device, consideration must be given to its power 
consumption and how long it spends switched on. Some estimates consider specific modes, 
such as gaming, media playback and Internet browsing for games consoles (AEA, 2010, NRDC 
and Energy Solutions, 2011), while some estimates only differentiate between on and off 
and/or standby (Interek, 2012, Market Transformation Programme, 2009a). Estimates of HD 
console electricity use are highly uncertain, ranging between 32 kWh/year (Market 
Transformation Programme, 2009b) and 500 kWh/year (NRDC and Energy Solutions, 2011). 
Various factors contribute to the large range in electricity use estimates for HD games 
consoles, including the consideration of standard and high definition consoles together, 
incorrect assumptions about usage, and power consumption data that do not reflect the 
decreases achieved as a result of hardware improvements over the console lifetime. 
Of the electricity use estimates shown in Table 1.6, three are particularly high: NRDC (2008a), 
Hittinger et al. (2012) and NRDC and Energy Solutions (2011) at between 300 kWh/year and 
500 kWh/year. These estimates do not appear to account for the substantial reductions in 
the power consumption of HD consoles since they were first launched (described above in 
Section 1.5). In addition, these studies assume that between 30% and 50% of users leave 
their consoles switched on, or inactive, when not in use. Given the minimal difference in 
console power consumption between active and inactive states, assumptions regarding the 
time a console spends inactive can have a large impact on the resulting electricity use 
estimates. In fact, these estimates are between 160 kWh/year and 360 kWh/year higher than 
the estimates that assume all consoles are switched off after use. 
Conversely, some studies report relatively low estimates for HD games console electricity 
use of between 32 kWh/year and 42 kWh/year (AEA, 2009, Market Transformation 
Programme, 2009b, Hittinger, 2011). These estimates represent an average of standard and 
high definition consoles that were on sale at the time of study. In particular, until replaced 
by the HD Wii U in November 2012, the Nintendo Wii had very low power consumption 
(between 14 W and 18 W (Hittinger et al., 2012)) and global sales approaching 100 million 
since its’ launch in 2006. The high number of Wii consoles in use, coupled with relatively low 
power consumption compared to HD consoles, is likely to have skewed these electricity use 
estimates downwards. Other studies do not include SD consoles as all new consoles are 
expected to be HD (NRDC and Energy Solutions, 2011). 
The remaining electricity use estimates for HD consoles are between 60 kWh/year and 140 
kWh/year (AEA, 2010, EnergyConsult, 2012a). The variation between these estimates is likely 
to be caused by the use of different usage estimates and power consumption data for 
different models of HD PlayStation®3 and Xbox 360 consoles. 
It is therefore, unclear what a representative estimate of HD console electricity use is. In 
order to determine the impact that games consoles have on climate change, and to evaluate 
the potential electricity saving that can be achieved through energy efficiency improvements 
for consoles, accurate and representative electricity use estimates are required. The 
research described in Chapter 2 derives representative estimates of HD console electricity 
use, both for consoles in use since the platform launched and consoles on sale in 2012. 
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The political inertia caused by the lack of existing research and data, plus uncertainty 
regarding console electricity use, means that opportunities to speed up improvements in HD 
console efficiency beyond business as usual have been missed. Chapter 4 details a study of 
PlayStation®4 electricity use and the potential electricity saving that can be achieved through 
various efficiency improvements proposed in the policy discussions described above. 
Manufacturers and other stakeholders have used the results of the PlayStation®4 analysis to 
establish where electricity saving opportunities exist for new next generation consoles and 
how standards and regulations can help to stimulate the adoption of these efficiency 
improvements to reduce the impact of games consoles on climate change. 
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Table 1.6 Summary of existing electricity use estimates for HD games consoles 
 
1 Total sales of consoles for 2002-2007 taken from Table 2, p.8 (NRDC, 2008) 
2 Based on stock of 20 million in 2010 taken from Table 1 p.3 (Market Transformation Programme, 
2009) 
3 Upper bound of electricity use estimate for consoles in the installed base p.2 (NRDC and Energy 
Solutions, 2011) 
4 Based on stock estimate of 5.3 million, p.1 (EnergyConsult, 2012b) 
5 Based on stock estimate of 6 million and 800,000 respectively (p.9) (EnergyConsult, 2012a) 
Source/Region Purpose of study Electricity use estimate Normalised electricity use 
estimate (kWh/year/console) 
NRDC (2008)/ United States Publicising the electricity use of games consoles and promoting 
improved efficiency 
16,000 GWh/year for US consoles 3001 
AEA (2009)/ Europe Developing energy efficiency measures for games consoles in the 
EU 
41.23 kWh/year/console 41 
Market Transformation Programme (2009)/ United 
Kingdom 
Briefing note for public consultation and to inform Government 
decisions 
630 GWh/year for UK consoles in 2009 32 
DCCEE (2010)/ Australia Home entertainment product profile report 140 kWh/year for Australian consoles 140 
AEA (2010)/ Europe Development of energy efficiency measures for games consoles in 
the EU 
74.8 kWh/year/console 75 
Hittinger (2011)/ United States Research studying the electricity use of games consoles PlayStation®3 40 kWh/year – Xbox 360S 
51kWh/year - Wii 80/19 kWh/year 
(with/without WiiConnect 24 enabled) 
40 
51 
80/19 
NRDC and Energy Solutions (2011)/ California Promoting energy efficiency standards in California Up to 500 kWh/year/console in 
California 
5003 
Console Manufacturers: Installed Base (2011)/ 
Europe 
Industry estimates for input to policy making process within the 
EU 
101.1 kWh/year/console 101 
Console Manufacturers: Currently on Sale (2011)/ 
Europe 
Industry estimates for input to policy making process within the 
EU 
61.8 kWh/year/console 62 
Hittinger et al; (2012)/ United States Research estimating electricity consumption of games consoles in 
the US 
330 kWh/year/console 330 
EnergyConsult (2012)/ Australia Developing energy efficiency standards for games consoles in 
Australia 
600 GWh/year in Australia in 2010 1134 
EnergyConsult (2012)/Australia & New Zealand Developing energy efficiency standards for games consoles in 
Australia 
395 GWh/year in Australia in 2010 
40 GWh/year in New Zealand in 2010 
665 
505 
Intertek (2012)/ United Kingdom Survey of household energy consumption 42.3 kWh/year/console (average) 
62.2 kWh/year/console (HD average) 
42 
62 
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1.9 Research Focus 
As described above, various Government authorities have studied games consoles to 
establish the potential electricity savings that could be achieved through the introduction of 
energy efficiency regulations and standards. However, existing estimates of games console 
electricity use are highly uncertain, ranging between 32 kWh/year and 500 kWh/year. This 
uncertainty has three implications: 
1. At this stage, there is no accurate estimate of the impact of games console 
electricity use on the environment; therefore, 
2. The potential electricity saving through energy efficiency improvements has 
been difficult to estimate; and 
3. The role that energy efficiency regulations and standards can play in reducing 
the impact of games consoles on climate change has been a source of 
disagreement between stakeholders. 
The work described in this thesis sets out to address these issues. A brief description of each 
chapter follows to illustrate the narrative flow of the document. 
Chapter 2 collates and evaluates data available from existing research regarding HD console 
usage and power consumption. Data are selected based on how representative and reliable 
they are. These data are used to calculate a baseline estimate of HD console electricity use 
that can be used to estimate the potential electricity saving of various efficiency 
improvements. This work significantly narrows the range of electricity use estimates. 
However, it also highlights that comprehensive data on HD console power consumption, that 
charts the reductions in product power consumption since launch, is unavailable in previous 
research. To address this, the power consumption of a sample unit of each model of 
PlayStation® platform launched in Europe since 1995 has been tested (Chapter 3). This 
enables further refinement of the baseline electricity use estimate calculated in Chapter 2 
using accurate power consumption data that was previously unavailable in the literature. In 
addition, combined with sales data, this information is used to estimate the magnitude of 
the increase in electricity use between PlayStation® platforms. Given that the electricity 
savings possible for HD consoles are likely to be limited due to the significant reductions in 
power consumption already achieved, combined with decreasing sales as HD consoles reach 
the end of their lifetime and that future console electricity use is expected to be higher than 
HD consoles, Chapter 4 focuses on new next generation consoles. The electricity use of 
PlayStation®4 is estimated and the potential electricity saving of various efficiency 
improvements evaluated. This information can and has been used by stakeholders, including 
policy makers, NGOs and console manufacturers to identify where opportunities for 
electricity saving exist, and help to inform the design of standards and regulations that can 
facilitate and accelerate the adoption of these improvements to reduce console electricity 
use and the impact of these devices on climate change. 
The thesis concludes with a discussion of how efficiency improvements used in PlayStation®4 
consoles have contributed to reducing their electricity use compared to a theoretical 
baseline estimate, and the role that the manufacturer’s voluntary agreement has played. The 
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potential for further energy efficiency improvements is also discussed and how the process 
experienced for games consoles can inform the development of energy efficiency regulations 
and standards for other products. Areas where the research has influenced the development 
of energy efficiency policy for games consoles are summarised and areas where further 
research could continue to improve the assessment of games console electricity use are 
listed. 
1.10 Industrial Sponsor  
The industrial sponsor for this research is SONY Computer Entertainment Europe Limited 
(SCEE). SCEE is responsible for “the distribution, marketing and sales of PlayStation® Portable, 
PlayStation®Vita, PlayStation®2, PlayStation®3 and PlayStation®4 hardware and software in 
126 territories across Europe, the Middle East, Africa and Oceania” (SCEE, 2010). The area 
that is covered by SCEE is defined by those countries that receive the Phase Alternating Line 
(PAL) television signal. The most recent console produced by SCEE is the PlayStation®4; 
launched in 2013 PlayStation®4 is described as “a computer entertainment system that 
redefines rich and immersive gameplay with powerful graphics and speed, intelligent 
personalisation, deeply integrated social capabilities and innovative second screen 
capabilities” (SONY Computer Entertainment Incorporated, 2013c). 
The research detailed in this thesis was conducted by the author while working at SCEE 
headquarters in London, based in the Environmental and Technology Compliance team, part 
of Central Operations. 
One of the key commercial drivers of this research is the need for SCEE to understand fully 
the electricity use of their products and which efficiency improvements hold the greatest 
potential for electricity saving while also being cost effective. Much of the research described 
in this thesis has been used directly by SCEE to inform their discussions with stakeholders, 
including NGOs, government authorities and academics, to help console manufacturers to 
build consensus around implementation of the voluntary agreement for games consoles in 
Europe. The research completed in Chapter 2, and also published in Energy Policy, provides 
a more representative estimate of console electricity use that was used by stakeholders to 
improve the accuracy of their electricity use estimates for games consoles. Chapter 3 
quantifies the increase in electricity use between generations of PlayStation® products and 
also demonstrates the electricity savings already achieved voluntarily. The research in 
Chapter 4 has helped SCEE to identify where the efficiency of their products can be improved 
without negatively affecting the performance and functionality and to help refute 
suggestions that are not appropriate. As a whole, the research in this thesis has progressed 
the understanding of games console electricity use across the range of stakeholders, leading 
to a collaborative effort to identify the most appropriate measures for games consoles that 
can reduce the impact of these devices on climate change. 
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2 Meta-analysis of usage and power 
consumption data for consoles 
2.1 Chapter objectives 
This chapter will: 
 Introduce high definition (HD) Xbox 360 and PlayStation®3 consoles and compare 
and contrast the functions and modes available; 
 Collate available data from previous research for the usage and power consumption 
of HD consoles; 
 Evaluate which is the most accurate usage and power consumption data for 
estimating the electricity use of HD consoles; 
 Estimate the electricity use of HD consoles using Typical Electricity Consumption 
(TEC) methodology; 
 Compare the HD console electricity use estimate to the existing estimates identified 
in the previous chapter; and 
 Consider how the electricity use estimate calculated herein may be useful for 
identifying opportunities to reduce the electricity use of HD consoles and which 
regulations and standards can help to facilitate this reduction. 
2.2 Introduction 
As discussed in the previous chapter, regulations and standards are being developed by 
various authorities internationally to improve games console energy efficiency. The 
magnitude of console electricity use is, however, uncertain with current estimates varying 
between 32 kWh/year and 500kWh/year (see Section 1.8). 
This chapter describes research completed to calculate a representative estimate of the 
electricity use of HD Xbox 360 and PlayStation®3 consoles at the time of study in early 2012. 
The results of this research have been published in Energy Policy (Webb et al., 2013). The Wii 
U is not included in this assessment as it was launched after this research was completed. In 
addition, because Wii Uis relatively new, there are currently no usage data for this console 
and the power consumption is much lower than existing HD consoles (around 30-35 W in 
active modes (AnandTech, 2013)). 
Determining a representative and reliable estimate for the electricity use of an appliance, or 
baseline, is important in assessing the potential effectiveness of energy efficiency standards 
and policies. An ex-ante analysis of policy options can help to ensure that the most 
appropriate policies are selected (International Energy Agency Demand Side Management 
Programme, 2012). The concept of establishing baseline electricity use estimates for 
appliances is not new; work has been completed to harmonise the approach to do so as the 
number of handbooks, guidelines and instructions dealing with electricity savings 
calculations continues to grow (Vreuls et al., 2009). An integrated system of bottom-up and 
top-down methods for the measurement of electricity savings has been developed by 
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Thomas et al. (2010), where top-down electricity savings are calculated at a sector level and 
bottom up electricity savings are calculated for one final consumer or one piece of 
equipment. 
HD consoles in use in 2012 are not equivalent in terms of their performance and 
functionality, as discussed in Section 1.5, so considering consoles at a sector level would not 
be appropriate, as any energy efficiency indicator would not be representative of the sector 
as a whole. A bottom-up approach is more suitable for consoles as it can account for the 
different specifications and performance of the models available on the market. This is the 
approach that has been used for assessing games consoles to date (AEA, 2010, TIAX, 2007) 
and is the approach taken in this thesis. 
A baseline represents the Business As Usual (BAU) scenario for a product, i.e. without energy 
efficiency improvements or legislation, and is defined as (British Standards Institute, 2011): 
“Energy consumption calculated or measured, possibly normalised, in the situation 
without an energy efficiency improvement action” 
Calculating a baseline electricity use for consoles presents a challenge as manufacturers 
continue to improve the product during its lifetime resulting in reductions in power 
consumption; understanding and predicting “changing baselines” is highlighted as one of the 
primary challenges facing energy efficiency programmes (Lee et al., 2009). 
This research evaluates the data available for games consoles regarding usage and power 
consumption and calculates two new baseline electricity use estimates; one to represent HD 
consoles in use at the time of study (sold between launch and early 2012), and the second 
to represent new models of HD console on sale at the time of study (early 2012). These 
baselines address the shortcomings of existing assessments of games console electricity use, 
which tend to be based largely on incorrect assumptions and unrepresentative data (as 
summarised in Section 1.8), and provide representative estimates of console electricity use. 
A sensitivity analysis is performed to identify the key determinants of console electricity use. 
The results of this study could be used to evaluate where the opportunities for potential 
electricity saving exist and how policy can be used to improve the energy efficiency of 
consoles. 
2.3 Background 
This section details the hardware specifications and functionality of HD Xbox 360 and 
PlayStation®3 consoles. This is followed by a description of the modes available, for which 
data on usage and power consumption are considered. 
2.3.1 Xbox 360 and PlayStation®3  
The Xbox 360 was launched in 2005, followed by the PlayStation®3 in 2006. Both consoles 
offer significantly increased functionality compared to their predecessors, Xbox and 
PlayStation®2, including integrated Wi-Fi connectivity, HD media playback (Blu-ray for the 
PlayStation®3 and HD-DVD for the Xbox 360) and larger Hard Disc Drives (HDDs) of up to 500 
GB for the latest models. 
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Table 2.1 summarises the hardware specifications of Xbox 360 and PlayStation®3 consoles. 
Although the specifications and functionality of the Xbox 360 and PlayStation®3 are not 
identical, they are similar in terms of the functions and experience they provide to users. For 
example, both consoles can render HD images (before these consoles launched no other 
console had this capability) and have integrated HDDs. However, some features are not 
available on both consoles; PlayStation®3 has Blu-ray capability, while the Xbox 360 has HD-
DVD. The Nintendo Wii launched around the same time as the Xbox 360 and the 
PlayStation®3, however the Wii is not able to provide the same experience to consumers as 
the Xbox 360 and the PlayStation®3. For instance, the Wii has a maximum resolution of 
480p/480i (standard definition) and is not able to play DVD or Blu-ray discs. Both Wii and 
PlayStation®2 consoles are no longer on sale in the EU and so are excluded from this analysis. 
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Table 2.1 Summary of PlayStation®3 and Xbox 360 hardware specifications and functionality 
(What Console, 2014b, What Console, 2014a) 
1 Central Processing Unit (CPU) is the part of a computer in which operations are controlled and executed 
2 Graphics Processing Unit (GPU) is a computer chip that performs rapid mathematical calculations, primarily for the purpose 
of rendering images 
3 Graphics Double Data Rate Video Random Access Memory – type of graphics card specific memory 
4 Unified Memory Architecture Video Random Access Memory – type of graphics card specific memory 
5 Enhanced Dynamic Random Access Memory 
6 Level 2 cache – memory is that used to store recently accessed information 
2.4 Methodology 
The Typical Electricity Consumption (TEC) methodology is used to estimate the electricity use 
of an appliance over a defined time period (EnergyStar®, 2009a). In relation to games 
consoles, TEC methodology is used in the European Union Eco-design Directive Sound and 
Imaging Equipment preparatory study (AEA, 2010). TEC uses a formula that multiplies the 
power consumption in a specific mode, by the time spent in that mode. A generic formula is 
shown below for calculating TEC (EnergyStar®, 2009b): 
𝑻𝑬𝑪 = (𝑷𝟏 × 𝑻𝟏) + (𝑷𝟐 × 𝑻𝟐) + ⋯ (𝑷𝒏 × 𝑻𝒏)  Equation 1 
Specification PlayStation®3 XBOX360 
CPU1 Cell Broadband Engine 3.2 GHz PowerPC Tri-core Xenon 
GPU2 nVidia RSX @ 550 MHz 500 MHz ATI Xenos 
Memory 256 MB XDR RAM, 256 MB GDDR3 VRAM3 512 MB GDDR3 RAM, 512 MB UMA 
VRAM4, 10 MB EDRAM5 
L2 Cache6 512 KB 1 MB 
Internal 
Storage 
2.5" SATA non-removable hard drive 
(120,250, 320 and 500 GB versions) 
4 GB / 320 GB  
Max 
Resolution 
1080p 1080i 
Game Format Blu-ray BD-ROM HD DVD 
Controllers PlayStation® Move 
Six axis/ Dualshock 3 (Bluetooth wireless) 
Xbox 360 Controllers (USB wired, 2.4 
GHz Wireless) 
Kinect 
Networking Wi-Fi IEEE 802.11 b/g 
Ethernet RJ45 
Bluetooth 2.0 (EDR) 
Wi-Fi IEEE 802.11 a/b/g (needs 
additional adapter) 
Input Output 2 USB 2.0 ports 3x USB 2.0 ports 
Ethernet (RJ45) 
2x Memory Slots 
Other 
Features 
Blu-ray/ DVD/ CD player 
Up to HDMI 1.3a compatible 
PlayStation® Eye 
Bravia sync XMB control (CEC) 
Dolby true HD and DTS-HD Master Audio 
bi-streaming 
Interchangeable Face Plates 
Media Center Extender 
Xbox LIVE 
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Where TEC = electricity use in Wh, P = power in Watts, T = time in hours, 1, 2… n = different 
modes, and ∑T = 8,760 hours/year  
The calculation of TEC should account for all time in the period being considered, commonly 
one year, with the modes included reflecting the usage of the appliance in question. The next 
section defines the operational modes that are included in the TEC calculation for consoles. 
2.5 Mode Definitions 
Before discussing the data that can be used in calculating the TEC of games consoles, it is 
essential to define the operating modes that are considered. Defining the modes available 
on games consoles is complex as the models on sale in December 2012 do not have 
equivalent functionality (see Section 1.5). The lack of consensus regarding the definition of 
operating modes was highlighted by NRDC (2008a). As a result, many of the early 
assessments of console electricity use defined usage modes based on studies already 
completed regarding PC electricity use as it was assumed that the hardware architecture of 
games console and computers are very similar (see Section 2.8 on power consumption data). 
In fact, games consoles were originally included in the draft ENERGYSTAR® Version 5.0 
Program requirements for computers (EnergyStar®, 2009a) although no specific 
requirements were included. Although games consoles contain many of the same 
components as computers, they operate very differently; computers are built using “off the 
shelf” components whereas games console components are developed by console 
manufacturers in collaboration with suppliers to optimise their function and performance. 
An example of this is the Reality Synthesizer Graphics Processing Unit (GPU) developed for 
the PlayStation®3, which was labelled as the most sophisticated processor ever built at the 
time of launch, containing 300 million transistors, more than the number of transistors in all 
other leading console platforms at that time (NVIDIA, 2005). 
Stakeholders involved in developing energy efficiency policies and standards for games 
consoles, including manufacturers, Non-Governmental Organisations (NGOs) and 
government authorities, have worked together to develop mode definitions for consoles 
since 2008 when games consoles were identified as a product group that could yield 
significant electricity savings (NRDC, 2008a). The following sections give an overview of the 
different console modes included in this assessment, and the reasoning behind them. Unless 
otherwise stated, these definitions are taken from the voluntary agreement put forward by 
console manufacturers (Console Manufacturers, 2013) as these have been agreed in 
consultation with various stakeholders and are now adopted by the policy processes that 
consider games consoles in their scope. 
2.5.1 Gaming 
Gaming is defined as the “Mode in which the games console is actively performing its primary 
function of game playing”. This includes both online and offline gaming, and single and 
multiplayer gaming. 
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2.5.2 Media 
This mode definition covers various functions on consoles including audio playback (CD) 
movie playback (DVD and Blu-ray) and media streaming (for example Netflix and YouTube). 
It is defined as: 
 “Mode in which the decoding and playing of video files and codecs up to HD (1080p) 
content, on the console’s own optical disk and streaming media players, using the 
following formats: 
AVI  
 File extensions: .avi, .divx  
 Containers: AVI  
 Video profiles:MPEG-2, MPEG-4 Part 2 (Simple Profile and Advanced Simple 
Profile)  
 Video bit rate: 5 Mbps with resolutions of 1280 × 720 at 30 fps  
 Audio profiles: Dolby® Digital (2 channel and 5.1 channel), MP3  
 Audio max bit rate: No restrictions  
 
H.264  
 File extensions: .mp4, .m4v, mp4v, .mov, .avi  
 Containers: MPEG-4, QuickTime  
 Video profiles: Baseline, main and high (up to level 4.1)  
 Video bit rate: 10 Mbps with resolutions of 1920 × 1080 at 30 fps  
 Audio profiles: AAC, 2-channel, Low Complexity  
 Audio max bit rate: No restrictions  
 
MPEG-4 Part 2  
 File extensions: .mp4, .m4v, .mp4v, .mov, .avi  
 Containers: MPEG-4, QuickTime  
 Video profiles: MPEG-4 Part 2 (Simple Profile and Advanced Simple Profile)  
 Video bit rate: 5 Mbps with resolutions of 1280 × 720 at 30 fps  
 Audio profiles: AAC, 2-channel, Low Complexity  
 Audio max bit rate: No restrictions  
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SPPTE 421M, WMV (VC-1), MPEG MVC 
 File extensions: WMV  
 Containers: ASF  
 Video profiles: WMV7 (WMV1), WMV8 (WMV2), WMV9 (WMV3), VC-1 
(WVC1 or WMVA) in simple, main and advanced up to level 3  
 Video bit rate: 15 Mbps with resolutions of 1920 × 1080 at 30 fps  
 Audio profiles: WMA7/8, WMA9 Pro (stereo and 5.1), WMA Lossless  
 Audio max bit rate: No restrictions” 
Content definition is specified in detail by console manufacturers as it is anticipated that the 
resolution of media will continue to improve, which is also expected to lead to an increase 
in power consumption. Ultra High Definition televisions are already available, although 
content is not expected to be widely available until 2020 (Ultra HDTV, 2013). The 
PlayStation®4 and Xbox One are both technically capable of rendering Ultra HD content so 
the media definition may need to be revisited to address the improvement in content 
definition delivery. 
2.5.3 Other functions/navigation 
Defined as a “Mode in which no other mode is engaged and the game console is displaying 
a menu of functions, from which the user may select”, this is essentially the consoles menu 
screen such as the Cross Media Bar (XMB) on PlayStation®3 and the Dashboard on Xbox 360. 
In the early ENERGYSTAR® drafts this mode was referred to as system idle (EnergyStar®, 
2007). Following stakeholder consultation, all references to idle for consoles have been 
removed; an explanation for this is given in Section 2.5.6. 
2.5.4 Standby 
The definition of standby is well established as it is available on many consumer electronic 
devices such as Televisions, DVD players and Hi-Fis. The definition used in the Eco-design 
Directive implementing measure for Standby and Off mode losses is (European Commission, 
2008): 
“a condition where the equipment is connected to the mains power source, depends on 
energy input from the mains power source to work as intended and provides only the 
following functions, which may persist for an indefinite time: reactivation function, or 
reactivation function and only an indication of enabled reactivation function, and/or 
information or status display” 
 
Early versions of draft standards for consoles, however, included a definition for sleep mode 
(EnergyStar®, 2009b): 
“a low power state that the console is capable of entering automatically after a 
period of inactivity or by manual selection. The console may wake from sleep mode 
in one of two ways: User initiated – games consoles should wake within 120 seconds 
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of initiation of wake event or Automatic – the ability to automatically wake is 
typically independent of user interaction and does not require concurrent user 
input”. 
This definition matches the definition of Soft Off State in the Advanced Configuration and 
Power Interface (ACPI) specification, that was developed to establish industry common 
interfaces enabling robust operating system directed motherboard configuration and power 
management of both devices and entire systems (Hewlett-Packard Corporation et al., 2011). 
Within this specification there are definitions of Global System States, including G1 – 
sleeping, and within this are several more Sleeping State definitions. S5 Soft Off State is 
defined as “where the device requires a complete boot when it wakes”. Therefore, although 
classified as a sleep state, the mode is more commonly termed standby. As such, the term 
standby is used for the remainder of this thesis. 
The press release for PlayStation®4 refers to “immediate gameplay” that will be facilitated 
by a low power “suspend mode” that preserves the game session and allows gamers to 
quickly resume where they left off (Sony Computer Entertainment Incorporated, 2013d). This 
mode will need to be included in assessments that consider new consoles launched in 2013. 
2.5.5 Networked Standby 
This definition is also taken from the Eco-design Directive implementing measure for standby 
and off mode electric power consumption (European Commission, 2013b) where networked 
standby is defined as: 
“a condition in which the equipment is able to resume a function by way of a 
remotely initiated trigger from a network connection”. 
Where a remotely initiated trigger is defined as: 
 “a signal that comes from outside the equipment via a network”, and 
a network is defined as: 
“a communication infrastructure with a topology of links, an architecture including 
the physical components, organisational principles, communication procedures and 
formats (protocols)”. 
The only HD console that provides a networked standby mode is the PlayStation®3. 
Networked standby allows users to activate their console remotely via a network connection, 
such that it may be used remotely. For example, users can activate their home console 
through a hand held console such as PSP® or PS®Vita. For a product to support a reactivation 
function, more power is required for it to maintain a network connection while off. 
PlayStation®4 also offers a networked standby mode, which is discussed in more detail in 
Chapter 4. 
2.5.6 Console Inactivity 
An area where consensus has been difficult to reach is a term to define when the console is 
switched on but not being used. It is important to define this usage state because, although 
Amanda Webb  Doctoral Thesis 
 
35 
the console is not being actively used, it still requires power to function and could therefore 
have an impact on total console electricity use. Several studies of power consumption report 
measurements for an “idle mode”. The first source to report power consumption in this 
mode was the Danish Technological Institute (2007), which used the ENERGYSTAR® Program 
Requirements for Computers Version 4.0 as guidance (EnergyStar®, 2007). Idle is defined in 
the Program Requirements for Computers as: 
“the state in which the operating system and other software have completed 
loading, the machine is not asleep, and activity is limited to those basic applications 
that the system starts by default”. 
The term idle was then included in subsequent publications on console electricity use 
including EnergyConsult (2012b), NRDC and Energy Solutions (2011), AEA (2010), NRDC 
(2008a), and Hittinger et al. (2012). It was, however, suggested by manufacturers that once 
a function is selected on a console it is never idle but constantly performing key functions 
such as loading the next scene or communicating via the Internet. As a result the power 
consumption is only marginally reduced compared to active modes, versus the large 
reduction seen between “active” and “idle” modes for desktop PCs of almost 50% (AEA, 
2010). Instead, manufacturers propose the term inactive, defined as (Console 
Manufacturers, 2011): 
“the state in which the mode has been selected but the user is not engaged and/or 
the function is not active, for example the menu screen for a DVD”. 
Consequently, references to idle mode in the EPA Recognition criteria drafted for consoles 
in March 2013 (previously the ENERGYSTAR® Program) have now been removed. 
A user may leave a console inactive in any mode and it is important to distinguish between 
the time spent active and inactive within each function when considering the effectiveness 
of different approaches that aim to reduce the inactive time, such as Auto Power Down 
(APD). 
2.5.7 Active Usage 
For completeness, it is necessary to define under which conditions consoles can be 
considered active. Active usage is defined as (Console Manufacturers, 2011): 
“the state in which the mode has been selected and the user is engaged and/or the 
function is active”. 
This includes activities such as playing a game, browsing the Internet and watching a DVD or 
Blu-ray. When a user is playing a game they will be pressing buttons on the controller. 
However, watching media on a console is a relatively passive activity, which after set-up 
requires very little interaction on the behalf of the user; this is, however, still considered 
active use as the console hardware is rendering images and either spinning a disc (for disc 
based media) or maintaining an Internet connection for streamed content. Active usage 
should be considered from the perspective of the hardware and whether or not this is being 
utilised to perform a task. 
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2.6 Scope 
The scope of this study is limited to Xbox 360 and PlayStation®3 HD consoles for the following 
reasons: 
 No usage data available for Wii U – Wii U was launched in November 2012 and so at the 
time of study, no data were available for usage of this platform; 
 Xbox 360 and PlayStation®3 account for the majority of HD consoles in use in 
December 2012 – at the time of study, Xbox 360 and PlayStation®3 consoles accounted 
for almost 98% of the HD consoles in use (VGChartz, 2013c). To the end of December 
2012, 2.2 million Wii U consoles had been sold globally, compared to around 58 million 
and 56.5 million Xbox 360 and PlayStation®3 consoles respectively. To December 2013 
the Wii U has a 3% share of the HD platforms in use, which is unlikely to have a significant 
impact on the estimates of electricity use calculated herein; and 
 Standard definition Wii and PlayStation®2 consoles are not equivalent in terms of 
performance and functionality – although the Wii console was launched around the 
same time as the Xbox 360 and the PlayStation®3, it is a standard definition console. The 
maximum resolution of a Wii console is 480p compared to 1080p for Xbox 360 and 
PlayStation®3 consoles. As a result of the lower performance, the power consumption is 
also considerably lower at around 14 W (Hittinger et al., 2012); therefore, including the 
Wii in this analysis could significantly skew the estimates of console electricity use and 
lead to incorrect conclusions. In addition, both the Wii and PlayStation®2 consoles are 
no longer on sale in Europe. 
Due to the limited number of studies that report power consumption and usage data for HD 
consoles, this study considers the results of studies for all regions in order to gain as 
comprehensive insight as possible. The results are therefore representative of HD Xbox 360 
and PlayStation®3 consoles. 
2.7 Usage data 
This section summarises data available in the literature for the usage of HD Xbox 360 and 
PlayStation®3 consoles. A detailed description of how and when these data were collected 
is given. 
To calculate a TEC estimate for HD consoles it is necessary to know how long a console spends 
in each mode available. The need for further research on console usage to “identify a good 
quality use profile for use in a TEC based eco-design measure” is highlighted in the Lot 3 
preparatory study (AEA, 2010). Existing data for user behaviour from independent studies, 
NGOs, commercial research companies and manufacturers are grouped according to the 
collection methodology used, and discussed in detail below. Only studies that report data for 
current HD consoles within the scope of this study are considered. 
2.7.1 Survey data 
A number of consumer surveys have been conducted on the consumer usage of games 
consoles, entirely focused either on consoles or gaming, or as part of broader research into 
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usage of consumer electronics such as TVs and computers. The methodology and results of 
each survey are discussed below. 
2.7.1.1 Video Gamers in Europe (Interactive Software Federation of Europe) 
This survey is run approximately every two years by the Interactive Software federation of 
Europe (ISFE). ISFE represents video games publishers, with the current membership 
comprising eleven major publishers of interactive content and sixteen trade associations 
throughout Europe (Interactive Software Federation of Europe, 2013a). ISFE is active in areas 
such as protecting consumer information, market data and research and fighting piracy 
(Interactive Software Federation of Europe, 2013b). 
The objectives and extent of the Video Gamers in Europe studies have developed over time 
since the report was first conducted in 2005. Table 2.2 summarises details of the ISFE studies 
conducted to date. As shown, the size of the survey has grown considerably from 2,000 to 
15,142 respondents and expanded to include seventeen countries in an attempt to capture 
the diversifying gaming market. For example, the definition of a gamer has been expanded 
to consider those that have played in the last 12 months, versus earlier surveys that required 
respondents to have played in the last 6 months; it is also no longer necessary for gamers to 
have purchased games. This reflects the increasingly mobile nature of gaming and the 
availability of free games for download. Given the changes that have been implemented to 
the methodology and coverage of the survey, direct comparisons cannot be made between 
the survey results from year to year. 
For this analysis, only usage data from the 2010 survey is considered as the 2012 data is much 
less detailed regarding console usage. Data for the time console users spend gaming, 
collected in the 2010 ISFE survey is shown in Figure 2.1. 
 
Figure 2.1 Proportion of users in each category of average hours of video gaming per week 
over the past 3 months (at the time of study) for video gamers who use a PlayStation®3, Xbox 
360 or Wii as a main console (Interactive Software Federation of Europe, 2010a). 
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Table 2.2 Summary of ISFE surveys conducted since 2004 
Year Objectives Methodology Age/ 
Gender 
Territories Qualifiers 
2005 
 
Understand role and usage of video games in 
Europe 
Gain consumer insight 
Telephone interviews of 15 minutes in 
March 2005. 
2000 respondents (400 per territory) 
14-39 
80% male 
20% female 
Spain 
Germany 
Italy 
France 
United Kingdom 
Respondents required to 
personally play video games 
2007 General consumer insight 
Prevalence and attitudes towards video game 
piracy 
15 minute quantitative survey 
administered online in January 2007 
4000 respondents (400 per territory) 
16-39 
80% male 
20% female 
As above, plus: 
Sweden 
Norway 
Czech Republic 
Poland 
Latvia 
Respondents required to play 
video games and to have 
purchased at least one legitimate 
video game in the last 6 months 
2008 Profile the evolving composition of the 
European market 
Consumer perceptions of games in relation to 
other media 
Awareness and understanding of age ratings 
Potential future directions for industry 
25 minute qualitative survey administered 
online in February and March 2008. 
6000 respondents (400 per territory) 
16-49 
70% male 
30% female 
As above, plus: 
Benelux 
Switzerland 
Austria 
Denmark 
Finland 
Respondents required to play 
video games and to have 
purchased at least one legitimate 
video game in the last 6 months 
2010 Profile the evolving composition of the 
European market 
Understand attitudes and motivations for 
gaming 
Understand awareness and perceptions of PEGI 
Self-administered online survey. 10,200 
respondents made up of 5,800 gamer 
interviews, 2,800 non-gaming parents and 
1,600 non-gamers 
16-49 As above, plus: 
Portugal 
Hungary 
Definition of gamers expanded to 
anyone who has played a video 
game in the last 6 months 
regardless of whether or not they 
have bought a game 
2012 Better understanding of the societal context in 
which games are being played today 
Combination of online self-completion 
survey and offline interviews. 
A total of 15,142 respondents completed 
the survey over a two week period in 
October 2012 
16-64 As above, minus: 
Hungary 
Gamers defined as anyone who 
has played a game in the past 12 
months 
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Using the data for all new console users (Figure 2.1) an average gaming time per week of 
4.32 hours/user is calculated. The median of each usage category is multiplied by the 
proportion of respondents in the relevant category. This gives the following hours of use for 
each category: 
No hours = 0 hours 
1-5 hours = 3 hours 
6-10 hours = 8 hours 
11-15 hours = 13 hours 
16+ hours = 20 hours 
Given that the data for Xbox 360 and PlayStation®3 is also reported, a separate usage 
estimate is calculated for these users. PlayStaion®3 and Xbox 360 consoles are reported to 
account for 5% and 4% respectively of the most used gaming systems. The most popular 
gaming system is the PC with a 49% share of users, with the second most popular the 
Nintendo Wii at 14%. The time spent gaming on HD consoles is calculated using the same 
methodology detailed above. It is then weighted according to the proportion of users active 
on each platform (44.4% for Xbox 360 and 55.6% for PlayStation®3) resulting in an average 
gaming time of 6.7 hours/week/user. 
In addition to gaming, the time spent using other console functions must be considered as 
this may have a substantial effect the total electricity use. Data regarding the use of 
secondary functions reported in the study are limited to the proportion of gamers that have 
used the multimedia capabilities of their console in the last 12 months (Figure 2.2). Although 
this gives a good indication of whether consumers use their consoles’ secondary 
functionality, and which functions they are using, the time spent using each function cannot 
be inferred from this data. The data suggests that consoles are regularly used as a media 
device, in addition to gaming, indicating the importance of considering the usage of 
secondary functionality in calculating the electricity use of HD consoles. 
 
Figure 2.2 The proportion of video gamers, with access to a console with multimedia 
capabilities, reporting to have used the multimedia capabilities in the last 12 months 
(Interactive Software Federation of Europe, 2010a) 
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In the two most recent ISFE surveys, questions relating to console power consumption and 
electricity use were commissioned by the research engineer on behalf of SCEE. The data 
collected includes how often consumers use their consoles, whether they switch them off 
when they have finished using them and, if they have an APD feature, whether it is enabled 
and after what period of inactivity they would like their console to switch off. Although this 
information gives a useful insight into user behaviour, some results are shown to be 
anomalous. For instance, some Wii users report to use an APD feature, which is not available 
on their console. This highlights one of the main challenges in collecting usage data for games 
consoles; games consoles are multifunctional products with many different settings that can 
be difficult for consumers to appreciate. It also suggests that users are keen to be viewed as 
considerate consumers, shown by their desire to report what is considered socially 
responsible behaviour, i.e. switching their console off after use. This is discussed in more 
detail in Section 2.9.1. 
One limitation of the ISFE survey is the exclusion of the many under 16 year olds who are 
gamers. A study in America recorded 51% of gamers as aged 17 and under (Nielsen, 2007). 
Therefore, the exclusion of this age group could skew the results in favour of older gamers, 
who may exhibit different usage patterns. Furthermore, this data is only relevant for 
European users; surveys of US gamers are described below in Section 2.7.1.3 to Section 
2.7.1.5. The results of the ISFE surveys are not used due to concerns over the accuracy of 
consumers reporting their usage via a self-administered survey (see Section 2.9.1 for further 
details). 
2.7.1.2 Compass: European Consumer Intelligence Report (GameVision) 
This survey has been conducted twice a year in the spring and autumn since 2003 in the five 
main European markets: UK, France, Germany, Spain and Italy. The Compass report covers 
the following areas, of which parts 1 and 2 are relevant for this research (GameVision, 2013): 
1. Hardware ownership, usage and penetration - “Omnibus”: this results in whole 
European market estimates of hardware ownership and active use. 10,000 
adults and 2,500 6-15 year olds are surveyed online; 
2. Usage and attitude survey – “Gamers Survey”: this provides attitude and usage 
information on hardware and software amongst gamers of different levels of 
commitment to gaming between the ages of 10-45. This is based on an online 
survey of 10,000 people aged 10-45 with the analysis performed by Arkenford, 
an independent market research and modelling company (Arkenford, 2011); 
3. Industry Issue Qualitative project: each report features a key issue that will be 
covered in depth; previous reports have focused on issues such as piracy, gaming 
peripherals, girls and gaming and social networks and gaming. This part of the 
survey is undertaken by Some Research, a specialist in qualitative research for 
the video game industry (Some Research, 2013), and uses various qualitative 
methodologies including In-Depth interviews, Group Discussions and in-home 
participant research; and 
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4. Market overview and analysis: each report gives a strategic overview of the 
games market place during the previous six months; this part of the study is 
undertaken by Parker Consulting a small consultancy that provides specialist 
insight into the game and digital media industries. 
In comparison to the ISFE survey, the GameVision compass offers more detailed information 
regarding the frequency of use of secondary functions, per console platform. An example of 
the information for offline use of PlayStation®3 is shown in Table 2.3. 
Table 2.3 Proportion of active classical gamers 5  on PlayStation®3 consoles using offline 
functions at least once a week (Table 66) (GameVision, 2012) 
Function Proportion of users  
To play video games (offline) 68% 
To play film discs 35% 
To play music 19% 
To play dancing/exercise video games 
(offline) 
12% 
To store and manipulate photos 8% 
To do creative and/or educational things 6% 
Use PlayTV tuner to record and watch TV 
programmes via your TV aerial 
7% 
Despite the detailed data on the frequency of use of secondary functions for consoles, there 
are no data for total hours spent using consoles. Data are, however, reported on the average 
hours of gaming per week per system. This may be able to be used in conjunction with the 
results of other studies to estimate total time a console spends switched on and the 
proportion of time that gaming and other functions account for. Table 2.4 shows the average 
hours spent gaming on HD Xbox 360 and PlayStation®3 consoles between autumn 2010 and 
autumn 2012. 
                                                          
5 An active classical gamer is defined as “a gamer who has in the last 12 months bought or 
been given for their own personal use: a game system, OR a “Classical” game, by which we 
mean a boxed game or its equivalent delivered digitally” (GameVision, 2012). 
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Table 2.4 Summary of the average reported time spent gaming on HD Xbox 360 and 
PlayStation®3 consoles (GameVision, 2010a, GameVision, 2011b, GameVision, 2011a, 
GameVision, 2012) 
 Average time spent gaming (hours/week/user) 
GameVision Study Xbox 360 PlayStation®3  
Autumn 2010 9.1 7.7 
Spring 2011 7.6 7.6 
Autumn 2011 7.5 6.4 
Spring 2012 7.8 6.9 
Autumn 2012 10.2 7.2 
Mean 8.4 7.2 
The GameVision studies also report the number of users per system. Between spring 2009 
and autumn 2012, the mean number of users per system has ranged between 1.9 and 1.6 
for PlayStation®3 and Xbox 360 consoles with a mean for HD consoles of 1.7. Considering 
that some data is collected per user, such as the GameVision and ISFE surveys, it is essential 
to consider that per console, use will be much higher. This is particularly important when 
using data on a per console basis (such as the Nielsen metered data discussed in Section 2.7.2 
below) to enable equivalent comparisons. Any usage data reported per user is therefore 
multiplied by 1.7 to give figures per console. 
The Compass surveys include respondents from the age of 6 upwards, which is likely to 
improve the representativeness of the results as the younger gaming population is covered. 
In terms of geographical coverage, the Compass is limited in comparison to the ISFE survey 
as it only covers gamers in the five main European markets, versus the ISFE study that has 
grown over time to include eighteen European countries. 
The frequency of data collection allows trends in gaming to be assessed; particularly relevant 
are data regarding the frequency of use of secondary functions over time and the average 
time spent gaming per week. For example, the use of HD consoles for playing film discs has 
fallen; the proportion of users reporting to use this function at least once a week peaked in 
autumn 2008/spring 2009 for the PlayStation®3 at 44% and in spring 2007 for Xbox 360 
68.6%. In autumn 2012, the proportion of users reporting to use their console at least once 
a week to play film discs was 35% for PlayStation®3 and 27% for Xbox 360. This could reflect 
the addition of media streaming capabilities to HD consoles, such as BBC iPlayer and Netflix, 
which may be replacing the use of disc based media. For example, 8% of all BBC iPlayer 
requests were from PlayStation®3 consoles in December 2009 (Clover, 2010). Data shown in 
Table 2.4 regarding the time spent gaming per week suggests that this has been fairly 
constant between 2010 and 2012. The average time spent gaming on PlayStation®3 consoles 
varies by 1.3 hours/week (between 6.4 hours/week and 7.7 hours/week) and 2.6 hours/week 
on Xbox 360 consoles (between 10.2 hours/week and 7.5 hours/week). 
Furthermore, information on the estimated proportion of the European population that are 
considered gamers and how gamers are split according to different levels of gamer 
commitment (see Figure 2.3) is useful to improve understanding of how consumers game on 
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their console. For instance, Figure 2.3 shows the gamer commitment index used in both the 
ISFE and GameVision studies. Gamers are grouped according to their average time spent 
playing games and the number of games they have purchased in the last three months. Table 
2.5 shows that since spring 2010 the proportion of gamers classified as Committed has 
halved from 14% to 7%, while at the same time the proportion of Marginals has risen from 
31% to 41%. The proportion of users purchasing three or more games has almost halved 
from 29% to 15%, while at the same time the proportion of users spending more than one 
hour per day gaming has remained around the same; 33% in spring 2010 and 30% in autumn 
2012. This would suggest that although users are purchasing fewer games, they are still 
spending a similar amount of time gaming. The usage data reported in the GameVision 
studies are not used further in this analysis due to uncertainty regarding the reliability of 
responses from surveys that require consumers to recall the time they spend using their 
console (see Section 2.9.1 for further details). 
 
Figure 2.3 Proportion of users in each of the gamer commitment categories (GameVision, 
2012) 
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Table 2.5 Summary of gamer commitment proportions reported from Spring 2010 to 
Autumn 2012 (GameVision, 2010a, GameVision, 2010b, GameVision, 2011a, GameVision, 
2011b, GameVision, 2012) 
 Proportion of users in each gamer commitment category 
GameVision Study Marginals Dabblers Loyalists Magpies Committed 
Spring 2010 31% 21% 19% 15% 14% 
Autumn 2010 31% 23% 24% 11% 11% 
Spring 2011 36% 21% 18% 12% 12% 
Autumn 2011 36% 20% 26% 8% 9% 
Spring 2012 36% 23% 22% 10% 10% 
Autumn 2012 41% 20% 23% 8% 7% 
2.7.1.3 Gaming and Energy Study (Consumer Electronics Association, 2010) 
The Consumer Electronics Association (CEA) is an American industry body that unites 2,000 
companies within the consumer technology industry (CEA, 2013). In 2010, the CEA 
conducted market research via an online survey of 983 US adults between 13 July 26 July 26 
2010 with the following objectives: 
 Understand consumer usage of gaming platforms; 
 Understand the role a gaming platform has in consumer entertainment, i.e. is it 
used for more purposes than gaming; and 
 Evaluate the effects on marketing of energy efficient gaming platforms. 
The results indicate that the median number of hours a console is switched on per day is 
3.14, with the median number of hours in use reported to be 2.57 hours/day. A detailed 
breakdown of how the on time for owners of actively used consoles is split between 
functions is also given, the only survey source to do so. The following usage is reported: 
 Playing games: 11.6 hours/week; 
 Playing multi-player games online: 3.1 hours/week; 
 Watching DVD movies: 2.6 hours/week; 
 Listen to music: 1.8 hours/week; 
 Surfing the Internet: 1.3 hours/week; 
 Watching high-definition movies on HD-DVD or Blu-Ray: 0.9 hours/week; 
 Watch streaming videos or moves over the Internet: 0.6 hours/week; and 
 Watching streaming videos over a home network: 0.6 hours/week. 
The detailed data listed above suggests that consoles are switched on for 22.5 hours/week, 
or 3.2 hours/day; in line with the median estimate of 3.14 hours/day. It is assumed, for the 
purposes of this research, that the difference between the median time a console is reported 
to be switched on and median time a console is in use is equivalent to the time a console 
spends inactive (3.14-2.57 =0.57). 
The survey also asked users whether they switched their console off after use, with 20% 
reporting to do so always, 70% reporting to sometimes and 10% reporting they never switch 
it off. Interestingly, more than half of respondents reported that they do not know if their 
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console has an APD function. Of the 19% of respondents who said their console does have 
an APD function, over 76% of these users report to use the function. 
Finally, some data are collected regarding how long users pause their consoles for with 40% 
reporting to pause for between 30 minutes and 1 hour and 30% between 1 and 2 hours. The 
main limitation of this survey is its coverage; it only considers adults in the US. It does, 
however, give a good insight into how these particular consumers are using their consoles 
and for how long secondary functions are being used. The results of the CEA study are not 
used further in this analysis due to uncertainty regarding the reliability of responses that 
require consumers to recall their usage (see Section 2.9.1 for further details). 
2.7.1.4 Generation M2: Media in the lives of 8-18 year olds (Rideout et al., 2010) 
This research was commissioned by the Kaiser Family Foundation, a non-profit organisation 
that is dedicated to filling the need for independent and trusted information on the major 
health issues facing the United States and its people (Kaiser Family Foundation, 2013).  
The report is based on a nationally representative survey of 2,002 8-18 year olds, 702 of 
which also volunteered to complete seven day media use diaries. The study was conducted 
between 20 October 2008 and 7 May 2009. The survey was conducted via a self-administered 
written questionnaire in the classroom, with trained interviewers present to provide 
assistance if needed. All questions regarding time of use refer to the previous day in order to 
capture estimates of actual use. 
The Generation M2 report builds on previous research concerning the role of media in the 
lives of children in the United States conducted in 1999 (Roberts et al., 1999) and 2004 
(Roberts et al., 2005), although the 1999 study also included children aged 2-8 as well as 8-
18 year-olds. The stated purpose of the survey is to “provide data about young people’s 
media use: which media they use, which they own, how much time they spend with each 
medium, which activities they engage in, how often they multitask and how they differ from 
one another in the patterns of their media use” (Rideout et al., 2010). 
The report contains some interesting information on the ownership of consoles, which is 
shown to have steadily increased since completion of the first survey in 1999. For example, 
the number of households with at least one console has risen from 81% in 1999 to 89% in 
2010 with the average number of consoles in each household also rising by 0.6 from 1.7 to 
2.3 over the 11 year period. 
Results of the survey indicate that 8-18 year olds spend 7:38 hours using media each day, of 
which playing video games accounts for 16% or 1:13 hours; this includes time spent on home 
consoles and portable devices such as handheld consoles and mobile phones. The average 
time spent gaming each day on consoles is reported to be around 36 minutes. The average 
time spent gaming on a console for those who play i.e. not including those who are not active 
on consoles is 1:30 hours each day. 
The results of the 2010 survey can be compared with data from two earlier studies; the 
average time for those who play, on all platforms, has increased considerably between 1999 
and 2010 from 1:04 hours for 2-18 year olds to 1:59 hours for 8-18 year olds. It is, however, 
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suggested that over the last 5 years the majority of the increase in time spent playing video 
games can be attributed to the growing use of handheld devices for playing games. 
This report gives a useful insight in to the game playing habits of children, something that is 
not captured by the Interactive Software Federation of Europe (2012b) and Consumer 
Electronics Association (2010) surveys described above. The results are, however, limited to 
gaming time and do not cover the use of other console functions such as playing DVDs or 
browsing the Internet. Furthermore, the results are based on US children that may exhibit 
different behaviour to those in other parts of the world. The results of this study are not used 
further in this analysis due to the lack of information regarding the use of consoles for 
activities other than gaming and the reliance on consumers accurately recalling the time they 
spend using their console (see Section 2.9.1 for further information). 
2.7.1.5 US Gaming: A 360o View (Nielsen, 2011a, Nielsen, 2010, Nielsen, 2013b) 
Nielsen describes itself as “a leading global information and measurement company that 
provides clients with a comprehensive understanding of consumers and consumer 
behaviour” (Nielsen, 2013a). The Nielsen business is aligned into three reporting segments, 
the principal two being What Consumers Watch and What Consumers Buy, both of high 
relevance for the console industry (ibid.,). 
The three Nielsen surveys were conducted online and include a sample of 2,000 adults aged 
18+, 700+ teenagers aged 13-17 and 300+ children aged 6-12 while paired with a parent, all 
split evenly between males and females. Data for the 2010 study was collected between 7 
and 10 October, data for the 2011 study between 13 and 17 of October and data for the 2012 
study also in October. 
Although the data reported does not give an indication of how long consoles are used for in 
total, it does give a detailed breakdown of the proportion of time each function is used for 
per platform. This information is shown in Figure 2.4 and Figure 2.5 and summarised in Table 
2.6. 
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Figure 2.4 Proportion of time spent in each mode, per platform, for US users aged 13+ 2010 
and 2011 (Nielsen, 2011b) 
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Figure 2.5 Proportion of time spent in each mode, per platform, for US users aged 13+ in 
2011 and 2012 (Nielsen, 2013b) 
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Table 2.6 Summary of Nielsen data for the time spent in each mode for HD console 
platforms 
  Proportion of total on time spent in each 
mode (%) 
  
 Xbox 360 PlayStation®3  
Mode 2010 2011 2012 Mean 2010 2011 2012 Mean HD 
Mean1 
Offline gaming 34 34 33 34 30 38 28 32 33 
Online gaming 28 33 33 31 19 16 18 18 25 
Watching 
streaming 
services 
10 14 13 12 9 15 24 16 14 
Watching 
DVDs/Blu-rays 
11 9 9 10 27 22 18 22 16 
Watching 
downloaded TV 
shows/ movies 
6 5 7 6 4 5 4 4 5 
All other 2 11 5 6 7 11 4 8 8 8 
Totals 100 100 101 100 100 100 100 100 101 
1 Assuming that Xbox 360 and PlayStation®3 have an equal market share 
2 Including listening to music, using the Internet and other 
Comparing the annual data summarised in Table 2.6 shows that gaming (both online and 
offline) is the dominant activity on HD consoles, accounting for between 46% and 67% of the 
total time a console spends switched on. The time spent gaming on Xbox 360 consoles has 
remained relatively constant varying by just 5% between 62% and 67%. The proportion of 
time spent gaming on PlayStation®3 consoles has varied to a similar extent (8%) between 
46% and 54%. The data for time spent gaming also suggests that a greater proportion of time 
is spent gaming on Xbox 360 consoles compared to PlayStation®3 consoles; the mean 
proportion of time spent gaming over the 3 year period is 65% for Xbox 360 consoles and 
50% for PlayStation®3 consoles. Considering the proportion of time HD consoles spend 
playing media (watching streaming services/ DVDs and Blu-rays/downloaded TV shows and 
movies) shows that PlayStation®3 users consistently use their consoles more for watching 
media content, while the proportion of time spent watching downloaded content is similar 
for both platforms, varying between 4% and 7%. One interesting trend apparent for both HD 
consoles is the replacement of time spent watching DVDs and Blu-rays with watching 
streamed content. For example, the proportion of time a PlayStation®3 console is used to 
watch DVDs and Blu-rays has fallen by 9% between 2010 and 2012, from 27% to 18%, while 
simultaneously the proportion of time spent watching streaming services has increased by 
15%, from 9% to 25%. This increase in the proportion of time spent streaming media is 
attributed to the availability of services like Netflix and Hulu (Nielsen, 2011b). It is suggested 
that the increase in the use of streaming services is incrementally adding to the time users 
spend with their consoles; however, the usage data available for total on time does not show 
any clear trends for increasing usage. 
Amanda Webb  Doctoral Thesis 
 
50 
The main limitation of these studies is that the data only considers US users and it relies on 
respondents accurately remembering and reporting their usage. The data does, however, 
give a detailed insight into how the time a console spends switched on is split between the 
different modes. Given the detailed nature of the information regarding the proportion of 
time consumers use each function on their console, this is used to split the mean estimate 
of the total time a console spends switched on between functions. 
2.7.2 Metered data 
Compared to the survey data described above, metered data is much more accurate as it 
records actual console usage rather than reported usage. Metered data is usually collected 
using power metering equipment that records the usage of appliances within the home by 
recording when they are switched on. This approach to collecting console usage data 
overcomes some of the limitations described above regarding users accurately remembering 
how they have used their console and understanding the difference between modes. One 
major limitation, however, is the inability of current technology to measure what modes are 
being used and what proportion of the time a console spends switched on is inactive. Given 
the inherent accuracy of metered data over survey data, the results of all of the metered 
studies discussed below, except those in Section 2.7.2.2 that are unlikely to be representative 
of HD consoles, are used to inform the usage estimates for HD console developed in Section 
2.9.1. 
2.7.2.1 Household Electricity Survey (Interek, 2012) 
The United Kingdom (UK) Department for Environment, Food and Rural Affairs (DEFRA) 
commissioned this survey as part of its Sustainable Products and Materials Programme that 
was set up to “co-ordinate and drive forward work to reduce environmental impacts 
generated throughout the life-cycle of priority products and materials”. The specific aim of 
this study was to gather reliable energy consumption data for certain product categories that 
could be used to project future energy consumption for those products (Interek, 2012). 
The study monitored the electrical power demand and energy consumption of 251 
households in England between May 2010 and July 2011. It is the only study of its kind to be 
completed in the UK to date. Households were selected based on the life-stage of the 
occupants, including single pensioner households, single non-pensioner households, 
multiple pensioner households, households with child/children, and multiple person 
households with no children living at home. Twenty-six households were monitored for the 
period of one year, with the remainder monitored for periods of one month intervals 
throughout the year. The occupants were also requested to complete diaries for some of the 
products they used. 
It is important to note that this research only considers homeowners (it is expected that 
tenants would have found it difficult to gain permission from their Landlords to take part in 
the study). The survey also excludes any homes that have an energy supply from a domestic 
renewable source. Finally, this study only considers users in the UK and may not, therefore, 
be representative of console users in different regions. 
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Power data were collected using watt meters connected in series with the appliances and 
then uploaded to a computer for analysis. Specifically, data was collected for 88 games 
consoles. This reveals that on average consoles are switched on for 8% of the time, in standby 
for 20% and switched off for the remaining 72%. In terms of usage time, this suggests 
consoles are switched on for 1.9 hours/day, on standby for 4.8 hours/day and off for 17.3 
hours/day. Data are also reported for individual platforms enabling calculation of an average 
use time for HD Xbox 360 and PlayStation®3 consoles. The average usage profile for each 
console is calculated and then weighted according to the proportion of each in the sample, 
twelve PlayStation®3 consoles and five Xbox 360 consoles. This suggests that HD consoles in 
the UK are switched on for 2.1 hours/day, on standby for 3.2 hours/day and off for 18.8 
hours/day. Particularly interesting is the high proportion of time that consoles spend 
switched off i.e. using no electricity. Although this data is based on actual measurements of 
consoles, only seventeen HD consoles were measured; this limits the applicability of this 
research, as it may not accurately represent the population of HD consoles in use in the UK. 
2.7.2.2 State of the Console (Nielsen, 2007) 
As described above, Nielsen is a leading global information and measurement company. The 
State of the Console report forms part of the wider Nielsen National People Meter (NPM) 
sample of more than 12,000 US television households. When metering, Nielsen monitors 
television activity, plus the use of any attached games console. The data collected for games 
consoles indicates the total time a console is used per playing day. 
Console usage is reported to be 2 hours and 15 minutes per playing day for users aged 2+ for 
the period 18 September 2006 to 31 December 2006. Furthermore, the report states that 
75% of console usage can be attributed to the heaviest users that average 5 hours and 45 
minutes of usage per usage day. Despite the fact that this data is collected using power 
meters, the main limitation is that the data is reported “per playing day” with no indication 
of the average number of days that consoles are used per week. Furthermore, there are no 
details regarding which modes the consoles spend this time in. The study does, however, 
consider users aged 2 upwards, which is a significant benefit compared with some of the 
survey data described above that only covers adults. Similar to the other Nielsen studies 
discussed above in Section 2.7.1, the data reported in this study only considers US users. 
Although this study gives an indication of the time spent gaming per playing day, without 
further details regarding how many days users play on average, this data cannot be used to 
estimate the usage of HD consoles. In addition, the data was collected during the launch of 
the PlayStation®3 console in the US, something that could skew the data significantly, as 
users are likely to use their consoles more when they have first purchased them. 
Furthermore, this data is relatively old and it is likely that only a small proportion of the 
consoles metered are the HD consoles that are the subject of this study. As such, this data is 
not considered further in this analysis. 
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2.7.2.3 The State of the Video Gamer (Nielsen, 2009) 
As above for the State of the Console report described above, this study was conducted as 
part of the Nielsen NPM, although the sample was expanded to cover 17,000 US television 
households. 
The study reports the “active user %” that indicates for how long the console was switched 
on during the measurement period (see Table 2.7). To calculate an average time consoles 
spend switched on per day, the active user % is multiplied by 24 hours. This suggests that on 
average games consoles are switched on for 2.3 hours/day, assuming that each console was 
equally represented in the sample, and 2.6 hours/day for HD consoles only. 
Table 2.7 Console usage characteristics December 2008 (Nielsen, 2009) 
Console Active user % On time 
(hours/day) 
PlayStation®3 10.6 2.5 
PlayStation®2 9.6 2.3 
XBOX360 11.4 2.7 
XBOX 10.2 2.5 
Wii 6.8 1.6 
GameCube 7.9 1.9 
Mean 9.4 2.3 
The methodology for this study is similar to the State of the Console described above and, as 
such, the limitations also include the lack of detail regarding which modes the console is in 
when it is switched on and that only US users are covered. This data is used below to estimate 
usage of HD consoles due to the accuracy of metered data and the large sample size and 
assuming that the potential effect of a December collection period (when consumers may 
have more free time) is negated by the long sample period of one month. 
2.7.2.4 Metered Console Usage Data in the United States, September 2010 
(Nielsen, 2010) 
These data are collected using the same methodology explained above for the other metered 
Nielsen studies; it has not been possible, however, to secure a copy of the report itself. This 
information is taken from the Nielsen Wire website (Nielsen, 2010). Figure 2.6 shows the 
metered data reported for all users aged 13+ that is also split to show the differences 
between genders and platforms. Considering only Xbox 360 and PlayStation®3, and assuming 
they have an equal market share, and that the European average of 1.7 users/console is also 
applicable to US users, (see Section 2.7.1.2), the average time the console spends switched 
on is estimated to be 7.65 hours/week or 1.1 hours/day. The limitations of this study include 
the coverage, only US users are considered, and the lack of detail regarding which functions 
consumers are using and for how long. 
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Figure 2.6 Average metered weekly hours per user, where a user is defined as someone who 
uses the console in the reporting period (Nielsen, 2010) 
2.7.3 Expert Estimates 
This section describes estimates of HD console usage that have been derived by experts using 
a variety of studies and assumptions. This tends to use a combination of metered and survey 
data. 
2.7.3.1 ENTR Lot 3 Sound and Imaging Equipment Task 1-7 Report (AEA, 2009, 
AEA, 2010) 
This report summarises the findings of the preparatory study for Sound and Imaging 
Equipment conducted under the Eco-design Directive (AEA, 2010). The report specifically 
studies games consoles in order to assess their electricity use and the potential for electricity 
savings through the introduction of energy efficiency regulations and standards within the 
EU. As such, data on the usage of consoles is included. 
The initial assessment of games console usage in the AEA report is based on data collected 
by the Nielsen (2009) study described above in Section 2.7.2.3, The report also includes 
estimates of potential future usage, with the authors assuming that usage will increase as 
more games become available for download, potentially encouraging users to leave their 
consoles on while games are downloaded. Further increases in usage are also estimated from 
increased Internet connectivity. The usage estimates from the AEA (2010) report are shown 
in Table 2.8; it is assumed that any time not accounted for, consoles are switched off. The 
data in Table 2.8 also shows that the authors of the AEA study assume that 70% of the time 
a HD console spends switched on it is inactive, but they do not give an indication of what 
proportion of the time a console spends switched on is spent in each mode. Because the data 
in Table 2.8 is based on a study already considered in this assessment, it will not be 
considered further in this analysis. 
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Table 2.8 Estimated usage rates for current, and potential future, games consoles (AEA, 
2009) 
 
Following significant stakeholder consultation as part of the Eco-design Directive 
consultation process, and the submission of data by console manufacturers, revised usage 
estimates were included in a later version of the report (Table 2.9). The assumption for the 
time a console spends switched on but inactive was also revised from 70% in the initial 
analysis (Table 2.8) to 30% (see Table 2.9). However, it is stated that “there is no clear 
indication of the amount of time consoles spend being actively played (active mode) as 
opposed to simply being left on (idle mode)” (AEA, 2010). Table 2.9 gives a more detailed 
indication of console usage as it accounts for all time in a 24 hour period and includes 
estimates for the time spent using secondary functions such as media playback and Internet 
browsing. This data was provided by manufacturers but is based on confidential data 
sources. Given the lack of transparency regarding how these estimates were derived, these 
data are not used in this analysis. 
Table 2.9 Measured usage data provided by one console manufacturer (AEA, 2010) 
 
2.7.3.2 Game Consoles Government Standards Evidence Base 2009: Key Inputs 
(Market Transformation Programme, 2009a) 
The Market Transformation Programme (MTP) supports the UK Government Policy on 
Sustainable Products through developing a robust evidence base on impacts and trends 
arising from products; ensuring reliable product information is available to inform policy 
decisions; and working with stakeholders to develop a robust evidence base for effective 
standards across product lifecycles (DEFRA, 2013). The MTP covers all products that fall 
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under the Eco-design Directive and it is also involved with the European Union (EU) 
ENERGYSTAR® implementation (DEFRA, 2013). In order to aid Government decision making, 
the MTP produces Briefing Notes on specific product groups, one of which is games consoles. 
Two documents have been published by the MTP on games consoles: 
1. Key Inputs: this outlines data on ownership and stock, sales and usage and lifespan; and 
2. Reference Scenario: this uses the data from the key inputs document to project what is 
likely to happen to electricity consumption of each product if no new policies are 
implemented (Market Transformation Programme, 2009b). 
Only the key inputs document is considered here as it contains usage estimates for consoles 
based on data available in the literature. The assessment by the MTP uses the Nielsen (2009) 
study results and results of an online survey concerning whether console users switch their 
consoles off when they have finished using it (Fallon, 2008). However, the authors of the 
report deem the available data unreliable. The Nielsen (2009) data are queried as it was 
collected in December when usage would be expected to be higher, while the online 
questionnaire posted by Fallon (2008) is queried as it is an informal self-selected survey on a 
technology enthusiast website and the results may over represent some portions of the 
gaming community. As a result of the uncertainty, and the objective of the authors to 
estimate console usage in the UK, expert assumptions are made to establish some usage 
estimates, although these figures are reported with low confidence. Table 2.10 shows the 
usage estimates made for games consoles. 
Table 2.10 Estimated console usage over time (hours/year) 
 
As shown in Table 2.10, active use is estimated to be very low at just 0.4 hours/day. It is 
assumed that on-idle time will increase from 1 hour/day in 2010 to 1.5 hours/day in 2030 as 
more downloadable content is made available. This assumes that the proportion of time a 
console spends on but inactive will rise from 70% in 2008 to 78% in 2030. These estimates 
for the proportion of time consoles spend inactive are purely speculative, however, the 
estimates for total time consoles spend switched on fall within the range of other metered 
estimates described in this section. 
Although the data in Table 2.10 is reported with low confidence, it represents the result of 
expert assumptions applied to the data available from existing research. The expert 
assumptions correct for some of the bias that is anticipated given the sampling methods of 
the existing research and as such, these estimates will be used in this analysis. There is 
considerably more data available now than in 2009, particularly regarding the usage of HD 
consoles. The main limitations of this research is that it only applies to UK users and it 
considers all consoles together, rather than offering separate estimates for different 
platforms. 
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2.7.4 Summary of Usage Data 
The data from studies providing estimates of console usage are summarised in Table 2.11. 
For ease of comparison, the results of studies that report usage per user have been 
normalised to average usage per console (with the average number of users per HD console 
estimated to be 1.7). 
As shown in Table 2.11, available data for HD games console usage spans a five year period 
from 2007 to 2012 and with coverage of users in the UK, Europe and the US. Of the nine 
studies included in Table 2.11, six offer an estimate of total on time for HD consoles varying 
between 1.1 hours/day (Nielsen, 2010) and 3.2 hours/day (Consumer Electronics 
Association, 2010). Despite both of these studies considering only US console usage in the 
same year, albeit for a period in July and September respectively, they form the upper and 
lower bounds of total on time estimates for HD consoles. The remaining four estimates of 
total on time range by just 1 hour between 1.6 hours/day (Market Transformation 
Programme, 2009a) and 2.6 hours/day (Nielsen, 2009). Although usage data varies 
considerably between studies, there is no clear indication of the cause of this variability. For 
instance, considering the time a console spends switched on for different regions shows that 
the European estimate of 2.2 hours/day (AEA, 2010) is between US estimates of 1/1.2 
hours/day (Nielsen, 2010) and 2.5/2.7 hours/day (Nielsen, 2009). Further, considering the 
time a console spends switched on by method of data collection does not reveal any 
tendency for either metered data or survey data to result in higher or lower estimates. 
The estimated time a console spends gaming varies between 1 hour/day and 2.6 hours/day, 
with the higher estimate of 2.6 hours/day based on a survey of 8-18 year olds compared to 
the lower estimate that applies to gamers aged 16 years and upwards. This suggests that 
children could potentially game for longer than adults. Only two studies, Consumer 
Electronics Association (2010) and AEA (2010), provide values for the time consumers spend 
using secondary functionality such as Internet browsing and media usage. Media usage in 
the US is twice that estimated in Europe; 0.9 hours/day compared to 0.4 hours/day 
respectively. This could reflect differences in the types of media services available on 
consoles in different regions. 
Comparing the data available specifically for Xbox 360 and PlayStation®3 consoles indicates 
that usage varies between platforms. For instance, the time an Xbox 360 spends switched on 
is consistently estimated to be higher than PlayStation®3 consoles, by between 0.2 
hours/day and 1.2 hours/day. Furthermore, Xbox 360 consoles are also measured to spend 
less time in standby mode than PlayStation®3 consoles; 13.2 hours/day compared to 21.2 
hours/day. 
Three studies report an estimate for the time a console spends switched on but inactive, 
ranging between 0.57 hours/day and 1.2 hours/day or 22% and 75% of the total on time. This 
highlights the lack of data regarding the time a console spends inactive, which has been 
described as the component of TEC calculations with the “greatest uncertainty” (TIAX, 2007). 
Understanding how long consoles spend inactive is important when considering efficiency 
improvements that can reduce the inactive time, such as an Auto Power Down (APD) feature. 
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With estimates of inactive time varying by such a large extent, the electricity savings possible 
from an APD feature are highly uncertain. 
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Table 2.11 Summary of games console usage data (hours/day) 
Study/ Region Collection 
method 
Gaming Media Internet 
Browsing 
Other 
functions 
Standby Off Active Inactive Total on time 
ISFE (2010)1/ Europe Survey PS®3 : 1.7 
Xbox 360 : 
1.6  
- - - - - - - - 
GameVision (2010-
2012)1/ Europe 
Survey PS®3 : 1.0 
Xbox 360 : 
1.2 
 
- - - - - - - - 
CEA (2010)/ US Survey 2.1 0.92 0.2 - - 21 2.57 0.57 3.2 
Generation M21 
(2010)/US 
Survey 2.6 - - - - - - - - 
Household Electricity 
Survey (2012)/ UK 
Metered - - - - PS®3 : 1.2 
Xbox 360 :7.9 
PS®3 : 21.1 
Xbox 360 : 
13.2 
- - PS®3 : 1.7 
Xbox 360 : 2.9 
Nielsen (2009)/ US Metered - - - - - - - - PS®3 : 2.5 
Xbox 360 : 2.7 
Nielsen (2010)/ US Metered - - - - - - -  PS®3 : 1.0 
Xbox 360 : 1.2 
AEA (2010)/ Europe Manufacturer 
data 
1.4 0.4 0.1 0.3 21.8 - 1.5 0.7 2.2 
MTP (2009)/ UK Metered/ Expert 
assumptions/ 
Survey 
- - - - 10 - 0.4 1.2 1.6 
1 The usage estimates from these studies were reported per user. To reflect the estimated 1.7 users per HD console, the values have been multiplied by 1.7 so that all reported values in the table are directly comparable. 
2 This includes the time spent watching DVDs, listening to music, watching HD-DVDs or Blu-rays, watching media streamed over the Internet or a home network. 
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Only one study accounts for the full 24 hour period, which is shared between active, standby 
and off (Interek, 2012). The same study is also the only one to consider off mode, the mode 
in which the console uses no power (0 W). Considering the maximum time a console is 
estimated to spend switched on (3.2 hours/day), leaves 20.8 hours/day to be allocated to 
either standby or off modes. Allocating all of this time to standby could lead to electricity use 
estimates being overstated, with the data in Table 2.11 suggesting that the PlayStation®3 
consoles spend 21.2 hours/day switched off (Interek, 2012). 
Finally, networked standby mode is not considered in any of the studies in Table 2.11. 
Although only PlayStation®3 consoles offer this mode, up to 30% of consumers report to 
have used the functionality supported by this mode (GameVision, 2011b). Therefore, this 
could have a significant impact on HD console electricity use and will be considered further 
in Section 2.9.1. The next section will consider the power consumption data available for HD 
games consoles. 
2.8 Power consumption data 
The power consumption of games consoles has been investigated in a number of studies, 
including investigations by NGOs, academic institutions, government departments and 
independent organisations. Available data for HD games console power consumption is 
presented below including, where available, a description of the methodology used to collect 
the data. The power measurements considered below include any data published in the 
literature since the launch of HD Xbox 360 consoles in 2005 and PlayStation®3 consoles in 
2006 to 2012 when the study was completed. 
2.8.1 Lowering the Cost of Play (NRDC, 2008a) 
This report was published in 2008 by the Natural Resources Defense Council (NRDC), a non-
profit environmental organisation based in the United States, and was the first 
comprehensive study on the electricity use of games consoles (NRDC, 2008a). Measurements 
were taken for gaming and DVD/Blu-ray playback functions in the following modes: 
Game play -  
 Active/on – User is actively playing a game. Power measurements were averaged over 
3-5 minutes. 
 Idle – the disc is loaded but the user is not touching the controller, this can happen either 
when the game is paused or when it is playing as long as the user is not touching the 
controller. Power measurements were averaged over 1-6 minutes. 
 Standby/Off – the user has either powered the console down manually or it has powered 
down automatically. Power measurements in this mode were averaged over 1-3 
minutes. 
Media playback -  
 Active/on – the movie is actively being played. Power measurements were averaged 
over 15 minutes. 
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 Idle with a disc – the console is on and a disc is loaded but the movie is stopped on the 
menu screen. Measurements were averaged over 5 minutes. 
 Idle without a disc – the console is on but no disc is loaded. Spot measurements were 
taken. 
 Standby/Off - the user has either powered the console down manually or it has powered 
down automatically. Spot measurements were taken 
Where possible, the authors of the report used same games and movies for testing on both 
the Xbox 360 and the PlayStation®3. The results of this testing are shown in Table 2.12. 
Table 2.12 Power consumption testing results (NRDC, 2008a) 
Console/ Function Power Consumption per Mode (W) 
Gaming Active/On Idle Idle without disc Standby/Off 
Xbox 360 (2005) 172 162 - 2.2 
PlayStation®3 (2006) 188.6 181 - 1.1 
Xbox 360 (2007) 118.8 117.5 - 3.1 
PlayStation®3 (2007) 150.1 152.9 - 1.1 
Media Playback – 
Regular DVD 
    
Xbox 360 (2007) 85 ~86 ~100 3 
PlayStation®3 (2007) 129 ~130 ~125 1 
Media Playback - HD 
DVD 
    
Xbox 360 (2007) 110 ~109 ~108 3 
Media Playback - Blu-
ray 
    
PlayStaion®3 (2007) 148 ~147 ~120 1 
NRDC highlight the lack of an industry consensus regarding mode definitions and power 
measurement methods. It is important to note that the methodology used in this study is 
not consistent between tests for different modes. For some modes, power consumption is 
averaged over a period of up to 6 minutes, whereas the power consumption for other modes 
is based on a single instantaneous reading. No explanation is offered regarding why a 
different approach was taken for different modes. Despite this, the data does give an 
indication of the power consumption of HD Xbox 360 and PlayStation®3 consoles in different 
modes, although the methodology used to collect these data is not consistent. Of particular 
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interest is the decrease in power consumption between different models of the same 
console. For instance, the power consumption of the Xbox 360 when active gaming fell by 
53.2 W from 172 W to 118.8 W between the launch model and the model on sale in 2007. A 
similar decrease is shown for PlayStation®3 consoles in active gaming mode with power 
consumption falling from 181 W to 152.9 W between 2006 and 2007. These data suggest 
that the power consumption of consoles changes over time, although this study only 
accounts for the first 2-3 years of HD consoles lifetime as it was published in 2008. Further 
power consumption measurements from other studies, discussed below, continue to show 
the trend of decreasing power consumption over the lifetime of the product. These data are 
not used further in this analysis due to the lack of coverage of modes such as Internet 
browsing, navigation and networked standby. 
2.8.2 Energy Consumption by Consumer Electronics in U.S. Residences (TIAX, 
2007) 
Commissioned by the Consumer Electronics Association (CEA) in the United States in 
response to “the use and publication of inconsistent – and potentially misleading estimates 
of consumer electronics’ electricity and energy consumption”, this study develops bottom-
up estimates of national energy consumption for selected equipment types, including games 
consoles, in 2006 (TIAX, 2007). 
Due to the timing of the study, the data reported only includes Xbox 360 consoles, which are 
estimated to account for 4% of the installed base of consoles. Power consumption 
measurements in the study are claimed to be based on a variety of sources including CEA 
measurements, measurements made by manufacturers and previously published 
measurements. The specific source of the console power consumption data is not stated. 
Table 2.13 shows the power consumption data reported for Xbox 360 consoles. These data 
are not used further in this analysis due to the lack of data for specific modes such as gaming, 
media and navigation. 
Table 2.13 Xbox 360 power consumption (2006) 
Mode Power consumption (W) 
Active 173 
Idle 168 
Off 2.2 
2.8.3 Danish Technological Institute (2007) 
The Danish Technological Institute (DTI) is a not for profit institution that develops, applies 
and disseminates research and technologically based knowledge for the Danish and 
International business sectors (Danish Technological Institute, 2013). The DTI published a 
test report for a launch model PlayStation®3 that includes detailed power consumption data. 
In accordance with the ENERGYSTAR® Program Requirements for computers Version 4 
(EnergyStar®, 2007), which includes a test methodology for computer power consumption 
as part of the ENERGYSTAR® programme for appliances in the US, the following tests were 
conducted: 
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1. Determination of power consumption for computers in standby mode (off 
mode). 
2. Determination of power consumption for computers in idle mode. 
In addition to the tests listed above, tests 3 – 11 below were also conducted to determine 
the power consumption when the game console is: 
3. switched off on the back side switch 
4. in idle screen saver mode 
5. showing a DVD movie 
6. playing a music CD 
7. playing the game “Need for Speed” PS2 
8. playing the game “Motor storm” PS3 
9. browsing the Internet 
10. showing a JPEG slideshow from a CD 
11. connected to Folding@Home6 
The test report details how the power consumption was measured for each mode described 
above, including details of the equipment used and the conditions under which the testing 
was conducted. It is important to note that the console was connected to a Standard 
Definition (SD) television, which may affect the power consumption measurements 
compared to those made with a HD output as the graphics processing unit (GPU) will be 
computing more pixels, thus requiring more power. The measurement periods used for tests 
3-10, over which power values were averaged, are shown in Table 2.14. 
The study does not state why different measurement periods were used for the extra tests 
added by the Danish Electricity Saving Trust, compared to the ENERGYSTAR® test method 
that states the product should be left to settle for 5 minutes before accumulating power 
values for 5 minutes (EnergyStar®, 2007), of which the arithmetic mean is calculated. The 
results of the power consumption testing are shown in Table 2.15. Using an inconsistent 
methodology to test power consumption could lead to inaccurate and unrepresentative 
results. 
                                                          
6 Folding@Home is a distributed computing project that calls on the computing power of various devices, 
including PCs and PlayStation®3 consoles, to deliver work units that aid research into protein folding. As of 
November 2012, PlayStation®3 consoles no longer support this functionality PLAYSTATION.COM. 2012. 
Termination of Life with PlayStation [Online]. Available: http://www.playstation.com/life/en/index.html 
[Accessed 05/01/2014.. 
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Table 2.14 Summary of measurement period used for tests 3-10 (Danish Technological 
Institute, 2007) 
 
Table 2.15 Measured power consumption for PlayStation®3 (Danish Technological Institute, 
2007) 
Test number Description Power consumption (W) 
1 Standby mode 1.8 
2 Idle mode 181.5 
3 Switched off on the backside switch 0 
4 Idle screen saver mode 179.2 
5 DVD movie 176.8 
6 CD music 180.0 
7 Game: “Need for Speed “ PS21 202.9 
8 Game: “Motor storm” PS3 192.3 
9 Internet 178.6 
10 JPEG slideshow from CD 175.6 
11 Folding@Home 187.8 
1 Only the launch model of PlayStation®3 could play PlayStation®2 games 
The data in Table 2.15 gives a detailed overview of PlayStation®3 power consumption in 
various modes. This shows that the mode with the highest power consumption is gaming, 
measured at 202.9 W for a PlayStation®2 game and 192.3 W for a PlayStation®3 game. It is 
interesting to note that the PlayStation®2 game requires more power; this is likely to be due 
to PlayStation®3 emulating the PlayStation®2 hardware, thus requiring more power. The 
mode with the lowest power consumption is standby at 1.8 W. The report does not define 
which modes the terms “idle” and “idle screen saver mode” refer to and as a result, it is 
difficult to use these values. The secondary functions tested all show similar power 
measurements between 175.6 W for a JPEG slideshow and 180 W for CD music. The data 
described above are not used further in this analysis as they only consider PlayStation®3 and 
are therefore not representative of HD consoles. 
2.8.4 ENTR Lot 3 Sound and Imaging Equipment Task 1-7 Report (AEA, 2009, 
AEA, 2010) 
As stated above in Section 2.7.3.1, this report summarises the findings of the preparatory 
study for Lot 3 Sound and Imaging Equipment conducted under the Eco-design Directive. 
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Initial inputs for the use phase of games consoles are shown in Table 2.16. The shaded rows 
have been added where the power consumption has been calculated by dividing the energy 
consumption per year by the hours of use per year for each mode. The resulting power 
consumption figures for in-use and idle modes are interesting in that they are not for a 
specific console platform, but rather appear to be an average of all consoles. As such, given 
that it is not possible to derive the power consumption of HD consoles only, and the lack of 
a description of the method used to collect the power data, these data are not included in 
any further analysis. 
Table 2.16 Use phase inputs for games consoles with power consumption values added 
(Table 48) (AEA, 2009) 
Description Input value 
Lifetime (years) 5.5 
In use electricity consumption per year (kWh) 10.71 
No. of hours per year in use 208.05 
Power consumption in use (W) 51.5 
Standby electricity consumption per year 
(kWh) 
4.02 
No. of hours per year at standby 3650 
Power consumption at standby (W) 1.1 
Idle-mode electricity consumption per year 
(kWh) 
26.5 
No. of hours per year at idle-mode 514.65 
Power consumption at idle-mode (W) 51.5 
As described above in Section 1.7.1, during the consultation process of the Eco-design 
Directive preparatory study stakeholders are able to submit data to the consultants 
undertaking the study. Power consumption values were submitted by manufacturers of HD 
consoles based on the latest models of both the Xbox 360 and the PlayStation®3. Table 2.17 
shows the resulting power consumption estimates made by the authors of the study as the 
raw data could not be published due to its confidential nature (AEA, 2010). 
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Table 2.17 Modal power demand data for HD consoles (AEA, 2010) 
Function Power Modes Estimated Power Demand 
(W) 
Gaming 
Gameplay (1 player) 93.3 
Gameplay(2 player) 92.3 
Game Pause 92.8 
Game Play Idle 92.8 
System Idle System Idle 74.5 
Media Playback 
Media Play 74.9 
Media Pause 73.9 
Media Play Idle 73.9 
Internet Browsing Media Play 74.1 
Audio Listening 
Media Play 74.6 
Media Pause 75.6 
The data in Table 2.17 above is more detailed than the data shown in Table 2.16, listing the 
power consumption of more modes including active, paused and idle (where idle is defined 
as “when the product is switched “on” but is not offering any user interactive functionality” 
(AEA, 2010)). The power consumption data show that gaming requires the most power 
regardless of whether it is paused or one or two users are playing, varying by a maximum of 
1.5 W between 92.8 W and 93.3 W. The power consumption of the other modes is very 
similar, varying by just 1.7 W between 73.9 W and 75.6 W. The main limitation of these 
power data is the lack of transparency regarding how the measurements were taken. The 
power consumption values for HD consoles represent the power consumption of Xbox 360 
and PlayStation®3 models on sale in 2010, when the study was published (Wood, 2010). 
These data are used later to determine representative estimates of HD games console power 
consumption given the coverage of multiple modes and both Xbox 360 and PlayStation®3 
consoles. 
2.8.5 Electricity consumption and energy savings potential of video game 
consoles in the United States (Hittinger et al., 2012) 
This is an academic paper published in the Journal of Energy Efficiency. The study estimates 
the electricity consumption of consoles in the US to be 16 TWh/year in 2010, an increase of 
5 TWh/year since 2007. The authors do, however, highlight that the estimate is highly 
uncertain with the majority of this uncertainty attributed to unknown consumer behaviour, 
particularly regarding whether they power down the system. The authors collate available 
data for console power consumption (see Table 2.18) including that from the NRDC (2008a) 
study considered above in Section 2.8.1. The results of some additional studies are also 
collated, including Nelson (2007), Miller (2010) and Hollister (2010), which are not 
considered in this analysis as they appear on technology enthusiast websites rather than in 
published reports by independent bodies. Furthermore, the testing methodology used to 
collect the power measurements is not available. The authors also state that they have 
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verified some of the power measurements, although it is not clear which values they have 
verified or the methodology they used to do so. 
Table 2.18 Power consumption and sales figures for consoles (Hittinger et al., 2012) 
 
Table 2.18 contains power consumption data for three modes of operation available on 
consoles. Of notable interest are the multiple data available for both HD consoles that clearly 
show a decrease in power consumption over the lifetime of these products. For example, the 
active power consumption of Xbox 360 and PlayStation®3 consoles has fallen by 78 W and 
80 W respectively since launch. Due to the lack of transparency regarding how the power 
consumption data has been gathered, and the lack of coverage of specific modes, these data 
will not be used in the subsequent analysis. 
2.8.6 Investigation and Exploration of Network Power Consumption in Set Top 
Boxes, VOIP Telephones and Games Consoles (Australian Digital Testing, 
2011) 
This report was prepared for the Australian government Department of Climate Change and 
Energy Efficiency by Australian Digital Testing (ADT), a company that provides research 
services for governments and agencies including product energy performance research 
(Australian Digital Testing, 2014). The report details the results of power consumption testing 
conducted on Xbox 360, PlayStation®3 and Wii consoles. The results of this testing are shown 
in Table 2.19. The modes tested include Off, Passive, Active (paused), On Mode (tested using 
different game genres) and wired and wireless download. No details of the testing 
methodology used, or definitions of the modes tested are included in the report. Only one 
game was tested on the PlayStation®3 as the website where users can purchase games had 
been shut down; this would suggest that the games tested on all consoles were downloaded 
and run from the hard drive rather than a disc, something that could affect the power 
consumption. The data show that the power consumption in on mode for Xbox 360 consoles 
varies by a maximum of 3.3 W, between 82.97 W and 79.65 W. The power consumption of 
both PlayStation®3 and Xbox One consoles in active (paused) differs by just 0.1 W, while in 
passive mode the difference in power consumption between the two consoles is 9.3 W. 
Given the absence of any test methodology details and mode definitions, this data will not 
be used any further in this analysis. 
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Table 2.19 Summary of power consumption testing conducted by (Australian Digital 
Testing, 2011) 
 
2.8.7 Video Game Consoles: Energy Efficiency Options (EnergyConsult, 2012a) 
This report was prepared by EnergyConsult, an independent consulting company specialising 
in the areas of public and private energy efficiency and carbon reduction (EnergyConsult, 
2013) for the Australian government. 
The data published for games console power consumption are shown in Table 2.20. Data are 
available for various modes including standby, gaming and DVD playback and are based on 
measurements taken in Australia in 2011 (see Section 2.8.6 for full details) and the US during 
2010. It has not been possible to find the Environmental Protection Agency (EPA) publication 
to which this study refers meaning that no details on the consoles tested or the method used 
are available. As a result, the data for video streaming and video DVD will not be considered 
in this analysis. 
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Table 2.20 Games console power consumption by mode (Watts) (EnergyConsult, 2013) 
Mode MS Xbox 360 Sony PS3 Nintendo Wii Source 
Standby - Off 0.67 0.05 5.93 ADT 2011 
Idle (UCI Home Screen) 76.9 67.6 13.0 ADT 2011 
Gameplay 81.3 76.6 14.4 ADT 2011 
Video Streaming 73.8 61.9 13.3 EPA 2010 
Video - DVD 58.9 73.5 n/a EPA 2010 
2.8.8 Proposal to further improve the energy consumption of games consoles 
(Console Manufacturers, 2012e) 
As described in Section 1.7.1, console manufacturers have developed their own voluntary 
agreement to improve console energy efficiency as an alternative to mandatory regulation 
under the EU Eco-design Directive. The agreement covers areas such as mode definitions, 
potential requirements and a test methodology (Console Manufacturers, 2012e). A separate 
document details a calculation of the anticipated electricity savings on implementation of 
the agreement and, as such, power consumption data are included (Console Manufacturers, 
2012c). 
The power consumption data published in the agreement are based on an average of all 
PlayStation®3 models sold in Europe since launch in 2007 to 2012, not weighted according 
to sales of each model. These data were measured by the SONY Computer Entertainment 
Incorporated Headquarters (SCEI) in Japan as part of their product planning. The method of 
collection is not disclosed, however, unlike other power consumption data, this value 
represents the average navigation mode power consumption for each model placed on the 
market to 2012; therefore, this data is representative of PlayStation®3 consoles in use (Table 
2.21). For simplicity, the voluntary agreement bases its results on the assumption that the 
power consumption is the same in all modes, both active and inactive, and that these data 
are representative of all HD consoles. This work was completed by the research engineer as 
a precursor to this study and was an important starting point for EU discussions. Although 
this data oversimplifies the reality of games console power consumption that varies between 
modes (as shown by the power measurements published in the studies described above) it 
is the only source to consider all models of one HD console since launch. This is important 
when considering the reductions in power consumption that have resulted from hardware 
improvements and operating system updates over the product lifetime. Simply considering 
just one model of a HD console, as is the case for many of the studies described above, rather 
than all those sold to date, could significantly under or overestimate the electricity use of 
consoles already in use. 
Power consumption data for newer consoles on sale at the time of study are not included in 
the console manufacturer’s voluntary agreement as they do not distinguish between the 
Amanda Webb  Doctoral Thesis 
 
69 
stock of consoles in use and newer consoles on sale. Making a distinction between those 
consoles in use and those on sale is important when considering the potential of efficiency 
improvements to reduce the electricity use of games consoles; therefore, this information is 
included separately in Table 2.21. For example, a consoles’ operating system is able to be 
updated through an Internet download or update from a game disc and so any software 
based energy efficiency improvements, such as improved Auto Power Down (APD) settings, 
can improve the efficiency of both consoles in stock and newer consoles on sale. In contrast, 
some energy efficiency improvements involve hardware changes that can only be 
implemented in newly manufactured consoles, and not those already in use. Therefore, it is 
necessary to quantify the electricity use of newer consoles currently on sale in order to 
calculate the potential electricity saving of efficiency improvements that only affect these 
models. 
Table 2.21 Power consumption data (W) for HD consoles (Console Manufacturers, 2012c) 
 In Use On Sale 
Mode Active  Inactive Active Inactive 
On 113 113 69 69 
Standby - 1.3 - 0.5 
The methodology used to collect the power consumption data published by console 
manufacturers is unknown. However, due to the importance of this data for use in the 
development of energy efficiency regulations and standards for games consoles, and the fact 
that these could easily be refuted or verified by an independent body, it is likely that these 
power consumption values accurately reflect the power consumption of HD PlayStation®3 
games consoles in navigation mode. It is, however, clear that assuming that the power 
consumption in all active modes is the same oversimplifies the reality. All of the studies 
described above that report values for different modes show that there is a difference in 
power consumption between modes on HD games consoles. This data is used in this analysis 
alongside other data that consider the difference in power consumption between modes. 
2.8.9 Proposal Information Template – Games Consoles (NRDC and Energy 
Solutions, 2011) 
Following the original NRDC report on games console electricity use (NRDC, 2008a), the 
NRDC prepared an updated report on games consoles following a request from the 
Californian Energy Commission in relation to amending the Appliance Efficiency Regulations 
(State of California, 2012). 
The report includes data on console power consumption based on data provided by 
manufacturers (the source of which is not revealed) and measurements taken directly by the 
NRDC on 2010 console models (Table 2.22). In addition to reporting power consumption 
values for each HD console individually, a HD average is also calculated. The average values 
for HD consoles are used in the assessment conducted by the NRDC as it anticipates the 
games console market to move exclusively to HD consoles, based on the anticipated launch 
of the HD Wii U in November 2012. 
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Table 2.22 Power consumption per mode (NRDC and Energy Solutions, 2011) 
 
Power consumption testing was conducted based on a methodology under development by 
the NRDC, in collaboration with console manufacturers, and being developed in parallel with 
the ENERGYSTAR® Program (appended to the report). This includes specifications for the test 
equipment to be used and testing conditions. For each mode included in the testing, the 
console is left to settle for five minutes before power values are collected for a further five 
minutes, and the arithmetic mean of these values is calculated. 
As shown in Table 2.22, power consumption of a sample unit of each model was tested in 
numerous modes giving a more comprehensive overview than some of the other studies 
described above. Notably, this study is the only one to report the power consumption in 
networked standby mode. Although this is only available on the PlayStation®3, the power 
consumption in networked standby is much greater than standby; therefore, this could have 
a significant effect on the overall electricity use of games consoles. Due to the presence of a 
detailed test methodology and clear mode descriptions (except for Pause/idle) the average 
values for reported for HD consoles are considered further in this assessment. 
2.8.10 Household Electricity Survey: A Study of Domestic Electrical Product 
Usage (Intertek, 2012) 
As described above in Section 2.7.2.1, the household electricity survey was conducted to 
gather reliable electricity use data for common home appliances and consumer electronics 
devices. 
Measurements were taken for games console power consumption in standby and on modes. 
The modes considered in the study are defined as follows: 
OFF mode – in this mode, the power drawn by an appliance is nil. It might be unplugged or 
switched off using a switch on the product or at the socket. 
ON mode – in this mode, the appliance performs its principal function. All of its components 
are supplied with their maximum power. No power management is implemented at all. 
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Standby mode – in this mode, an appliance is neither switched off nor is it in the on mode. 
‘Standby’ groups all the energy management modes together. Depending on the appliance, 
it might include idle, energy saving, doze, standby, delay start or suspend modes. 
Measurements were taken using a wattmeter that was in-situ for the whole of the 
measurement period, either one month or one year. The results do not show the 
measurement period for each console. The HD console power consumption data collected 
in the study is summarised in Table 2.23. These data are based on measurements of twelve 
PlayStation®3 consoles, five Xbox 360 consoles and eighteen Wii consoles, although it is 
unknown which models were measured in the study. 
Table 2.23 Games console power consumption (Intertek, 2012) 
 Power Consumption 
per Mode (W) 
Platform Standby On 
PlayStation®3 1.2 79.6 
Xbox 360 3.1 79.1 
Wii 3.4 24.1 
Although this study reports power consumption data for multiple units of each console 
platform, compared to the majority of studies described above that consider only one unit, 
it is unclear which models are included in the study. The test methodology, however, appears 
robust with a relatively long test period compared to other studies. The main limitation of 
these data is the vague mode definitions; on mode may only consider gaming but this is not 
made explicit. Furthermore, standby mode includes numerous states that have different 
power consumption implications on consoles compared to other devices. For example, idle 
mode on a console refers to when it is switched on but not being actively used (with power 
consumption similar to active modes), while standby mode is a low power mode that has a 
power consumption of less than 2 W. Given the uncertainty around what the power 
consumption values actually represent, these data will not be used in this analysis. 
2.8.11 Summary of Power Consumption Data 
One of the most striking things about the power consumption data described above is the 
number of terms used to describe the modes available on consoles; over thirty different 
terms are used in the studies considered, some of which are describing the same mode in 
terms of power consumption. In order to make these data more manageable and 
comparable, where possible the terms have been grouped, in accordance with the mode 
definitions in Section 2.5, using the mode definitions included the studies and the description 
of testing. The modes have been grouped as follows: 
Active – two studies report the power consumption of HD consoles when actively used, 
rather than in specific modes. Hittinger et al. (2012) give a range of values for active modes 
(shown in Table 2.24), while (Intertek, 2012) simply report an average on mode power 
consumption. 
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Gaming (Gameplay) – this covers all measurements taken while a game is being actively 
played. The terms used for this include: Active/on (gameplay); Active gameplay; 
PlayStation®3 game; gameplay; On (gaming); and On. 
Media – due to the various types of media available on HD consoles, including audio 
playback, DVD/Blu-ray playback and media streaming, it is understandable as to why there 
are numerous terms to describe these modes. As defined in Section 2.5.2, media mode 
covers all of these functions. The terms used to describe the media modes in the studies 
discussed above include: Media play; Active/on (media); DVD; CD; Video DVD; Video 
streaming; Media (movies/music/Internet) and Audio play. The value reported for media 
that includes Internet is included here as the power consumption in these modes is shown 
to be very similar, varying by between 0.8 W (AEA, 2010) and 1.8 W (Danish Technological 
Institute, 2007). 
Internet Browsing – the power consumption of this mode is measured in two studies, both 
of which use the term Internet browsing. 
Other functions – in addition to the functions described above, HD consoles provide 
numerous other secondary functionalities such as text chat with friends, photo viewing and 
Folding@Home. The Danish Technological Institute (2007) study is the only to consider any 
other secondary functionalities and reports power consumption measurements for showing 
a JPEG slideshow from a CD and Folding@Home. 
Navigation – this mode refers to the console’s home or menu screen, from which users can 
launch activities such as gaming, media playback and Internet browsing. The terms used to 
describe this mode in the studies discussed above include Navigation and Idle (User-
Computer Interface (UCI) Home Screen). Although the second term is primarily described as 
idle, the subsequent description directly refers to the menu screen and so the power 
measurements taken are included in this definition. 
Inactive (“idle”) – this covers power measurements taken while the console is switched on 
but not being actively used. All of the studies refer to the mode simply as Idle. 
Standby/Off – these measurements refer to the power consumption when the console is in 
standby mode, referred to either as standby or standby/off. 
Networked standby – the NRDC and Energy Solutions (2011) study is the only one to report 
the power consumption in this mode, which they also term networked standby. 
Off – The Danish Technological Institute (2007) is the only study to use this term. Off is used 
to describe when the console is switched off using the switch on the back of the console (only 
present on the original models of PlayStation®3). As such, more recent testing does not 
include this mode, as it would only apply to a situation when the console is unplugged or 
switched off at the socket, and subsequently not consuming any power. 
The following modes are not included in the summary table: 
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 Passive (no game running)/ Idle screen saver/ System Idle – it is not clear which mode 
these terms refer to, particularly whether the idle states refer to the menu screen or 
within a function. 
 Gameplay pause/ Gameplay idle/ Media pause/ Media play idle/ Audio play pause – 
these measurements are all reported in the AEA (2010) study. The values are not 
included in the summary of power consumption as they are almost identical to the active 
values. Values for gameplay vary by a maximum of 1.5 W, between 92.8 W and 93.3 W 
and by 1.0 W for the media and audio play values, between 73.9 W and 74.9 W and 74.6 
W and 75.6 W respectively. Whether a game or media is paused or not involves little 
difference in the function of the console as the disc must still spin and the circuitry 
remains powered to maintain a paused mode. 
Table 2.24 presents a summary of the modal power consumption data taken from the studies 
discussed above. Where data have been averaged, or more than one value is reported, an 
accompanying explanation can be found in the footnotes below the table. Data on separate 
rows signifies that the values are from different studies. 
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Table 2.24 Summary of power consumption data described in Sections 2.8.1 to 2.8.10 for Xbox 360 and PlayStation®3 organised by the year they were sold 
1 The figures in brackets represent the range of values in active use 
2 This is the mean of all active gaming measurements taken using different game media 
3 Regular DVD/ HD-DVD 
4 Regular DVD/ Blu-ray 
5 DVD movie/ CD music 
6 Audio listening media play/ media playback media play 
7 JPEG slideshow from CD/ Folding@home 
8 Average for PlayStation®3 consoles in use, i.e. all models sold since launch in 2006 to 
December 2012 
 
   Power consumption (W) 
Mode   Xbox 360 (year sold) PlayStation®3 (Year sold) 
 2005 2006 2007  2010 2011 2012 2006 2007 2010 2011 2012 
Active/On 172 (126-186)
1
 - 119 (85-
127)
1
 
 94 (62-
94)
1
 
- 79.1 180 (173-
199)
1
 
153 (129-
153)
1
 
100 (81-
100)
1
 
- 79.6 
Gaming 172 173 118.8  82 81.3
2
 - 188.6 
 
150.1 
192.3 
93.3 
93 
76.6 
 
- 
Media - - 85/110
3
  66.4 
65 
- - - 129/148
4
 
176.8/180.0
5
 
74.9/74.6
6
 
67.7 
75 
- - 
Internet Browsing - - -  - - - - 178.6 74.1 - - 
Other Functions - - -  - - - - 175.6/187.8
7
 - - - 
Navigation/Menu - - -  70 76.9 - 113
8
 113
8
 79 
113
8
 
67.6 
113
8
 
69 
 
Inactive 162 168 100  75 
73.5 
- - 167 181.5 
120 
75 
84 
- - 
Standby/ 
Off 
2.2 
2 
2.2 3.1 
3 
 1 
0.3 
0.7 3.1 1.1 
1 
1.1 
1.8 
1 
1 
0.7 
0.05 1.2 
Networked 
standby 
- - -  - - - - - 11 - - 
Off - - -  - - - - 0 - - - 
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Table 2.24 shows that there is more power consumption data available in the literature for 
PlayStation®3 consoles compared to Xbox 360. In particular, results are available to a greater 
extent for the power consumption of PlayStation®3 secondary functions, including Internet 
browsing and photo slideshow viewing, whereas data for the power consumption of Xbox 
360 secondary functionality is limited to media usage. The data also show that the number 
of studies reporting HD console power consumption has varied considerably over the 
lifetime of these products. For example, up to three power consumption values are available 
for some PlayStation®3 modes in 2007 and 2010, compared to only one value in 2011 and 
2012. Similarly for Xbox 360, two power consumption values are available for some modes 
in 2010, compared to one value for active modes in 2005, 2007, 2011 and 2012. No power 
consumption data are reported for HD consoles sold in 2008 and 2009 for either the 
PlayStation®3 or Xbox 360, highlighting a gap in the power consumption history of these 
consoles in the available literature. 
The data in Table 2.24 shows that the general trend is for power consumption to decrease 
over time. For instance, Xbox 360 gaming power consumption has decreased by 90.7 W, from 
172 W to 81.3 W, between launch in 2005 and 2011. Similarly, PlayStation®3 active gaming 
power consumption has decreased by 119.6 W, from 188.6 W to 69 W, between launch in 
2006 and 2011. Power consumption in other modes also shows a decrease, with media 
power consumption on HD consoles decreasing by a maximum of between 45 W (Xbox 360) 
and 112.3 W (PlayStation®3). In some cases however, the trend is less clear. Standby power 
consumption varies significantly, both between studies and over time. For example, 
PlayStation®3 standby power consumption is reported to vary between 0.05 W and 1.8 W 
with no clear trend for a reduction over time. A similar pattern of variable power 
consumption in standby mode can be seen for Xbox 360 consoles, with power consumption 
rising from around 2 W at launch in 2005 to around 3 W in 2007, then falling to between 0.3 
W and 1 W in 2010 and finally increasing to 3.1 W in 2012. Although the difference between 
the power consumption values for standby mode are small in absolute terms, given that 
consoles are estimated to spend around 90% of time in this mode (see Section 2.7.4) the 
variability in power measurements could have a substantial effect on electricity use 
estimates. This is considered further in Section 2.9.2. 
The data show that gaming on Xbox 360 has the highest power consumption for all years 
that data is available. PlayStation®3 shows a similar trend although the data for 2007 are less 
conclusive with values for gaming mode ranging by 42.2 W. The higher power consumption 
values reported in 2007 are from the Danish Technological Institute (2007) report that was 
published in August 2007. However, the report states that the console was received for 
testing on 26 March 2007, three days after the European launch (BBC, 2007). Therefore, the 
results of the DTI (2007) study are based on a launch model of PlayStation®3 and are more 
comparable to the data listed in Table 2.24 for PlayStation®3 consoles in 2006 as this is based 
on a US launch model (PlayStation®3 launched in the US in November 2006). As such, the 
trend for decreasing power consumption over time is also applicable to PlayStation®3 
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consoles. Variability between measurements taken in the same year could be due to a 
number of factors, including: 
 Use of different test methodologies – as stated above there is no common test 
methodology for games consoles and so various approaches are used. An example of 
how this could affect the power consumption values reported is the use of a mean value 
averaged over 15 minutes, versus reporting of an instantaneous measurement. An 
instantaneous measurement will not account for potential variations in power 
consumption over time; 
 Testing of different models that may be available for sale in the same year – although 
the power consumption data is reported for the year the console was purchased; in some 
cases, more than one model is available in any given year. This could lead to differences 
in reported power consumption data for the same year; and 
 Region where the consoles were tested – the power consumption measurements in 
Table 2.24 were taken in the US, Europe and Australia and local differences in power 
supply could affect the results. For instance, the voltage of the power supplied in the US 
is 120 v compared to 230 v in Europe. 
The coverage of the different modes and functions varies significantly between studies with 
some reporting power consumption data for only active and inactive use (Hittinger et al., 
2012) while other sources consider various modes (AEA, 2010, NRDC and Energy Solutions, 
2011). Particularly interesting is the presence of only one measurement for networked 
standby mode. Although networked standby is only available on PlayStation®3 HD consoles, 
as shown in Table 2.24, the power consumption is relatively high at 11 W. This could have a 
large impact on electricity use estimates for HD consoles if not considered. The proportion 
of PlayStation®3 users in Europe reporting to use the functionality that a networked standby 
mode is reported to be up to 30 % (GameVision, 2010b). 
Although all of the data included in Table 2.24 are based on measurements of consoles, only 
three sources report data for multiple modes and functions (NRDC and Energy Solutions, 
2011, AEA, 2010, Console Manufacturers, 2012b). Of these three sources, AEA (2010) and 
NRDC/ Energy Solutions (2011) report measurements of more recent HD console models in 
various modes and functions, with power consumption varying by between 13 W and 19.2 
W. In contrast, the console manufacturers use only a single power consumption value for all 
modes in their initial estimates of electricity savings for the EU, based on the power 
consumption in navigation mode of all models of PlayStation®3 console sold to December 
2012. Although this data oversimplifies the power consumption of games consoles in 
different modes and functions, it is the most representative data for consoles currently in 
use (sold since launch in 2007 to December 2012) and the most up-to-date data for those 
available for sale in December 2012. 
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2.9 Analysis and Results 
This section identifies the most appropriate usage and power consumption data to calculate 
electricity use estimates for HD consoles. This is followed by a description of how the 
electricity use estimates are calculated. 
2.9.1 Usage Data 
Available data for the usage of HD consoles is variable in its coverage of modes, method of 
collection, region and the time accounted for in a day (Table 2.11). Firstly, it is necessary to 
disregard some of the studies as they are not detailed or representative enough for use in 
this analysis. Given that accurate metered estimates of usage time are available, any survey 
results reporting data in this regard based on less accurate users perceptions, are not 
considered any further. 
Although surveys give a good insight into consumer behaviour, it is important to remember 
that this methodology has some inherent limitations. The majority of the surveys discussed 
below were self-administered by respondents online (Interactive Software Federation of 
Europe, 2012b, Consumer Electronics Association, 2010), with the M2 survey (Rideout et al., 
2010) conducted via a self-administered written questionnaire with trained interviewers 
present to provide assistance if needed. With any self-administered survey, it is important to 
consider the veracity of the responses. A well-documented phenomenon in the literature is 
that of Socially Desirable Responding (SDR). Socially desirable responses are described by 
Steenkamp et al. (2009) as “answers that make the respondent look good, based on cultural 
norms about the desirability of certain values, traits, attitudes, opinions and behaviours”. 
However, experiments have shown that respondents are more likely to offer socially 
desirable answers in the presence of an interviewer than in a self-administered situation (de 
Leeuw, 2005). It is, therefore, possible that SDR will have affected the survey responses. The 
extent of this effect is, however, extremely difficult to quantify. When comparing the survey 
data from Consumer Electronics Association (2010) and metered data from (Nielsen, 2010); 
collected within two months of one another the survey data shows much higher rates of 
usage than the metered data. This would suggest that the survey respondents might have 
overestimated or exaggerated the time they spend using their console each week, versus the 
measured data. It is possible that gamers are proud of how long they game for, or believe it 
is desirable to game for longer, therefore reporting higher rates of usage than those 
metered. 
It can also be argued, given the nature of the topic, that SDR is unlikely to have a large effect 
on data collected regarding console usage. As stated by Rundle-Thiele (2009), “SDR is likely 
to arise during research on a sensitive topic, for example child labour”, and perhaps less so 
for topics such as how long you spend gaming. Equally, however, a respondent might want 
to appear young and technologically savvy and therefore overestimate their usage of 
consoles. 
Although collecting data for the usage of electrical equipment using a survey methodology, 
as opposed to monitoring or observational research, has limitations it is a common practice 
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to use the results of such surveys in estimating user behaviour for the purposes of calculating 
the use-phase impact of appliances. For instance, the Eco-design Directive Lot 5 study for 
Televisions uses market research to establish television consumption in Europe (Fraunhofer 
Institute for Reliability and Microintegration IZM, 2007). Given the nature of the information 
being collected, using an online survey methodology has the following advantages (Kent, 
2007): 
 Coverage – an online survey can be easily administered across international boundaries. 
For the ISFE study, which is pan-European, this is particularly important; 
 Speed – using an online survey, a large amount of data can be collected within a short 
space of time. When considering usage of consoles, seasonal effects are observed due 
to the release of highly anticipated game titles in the run up to the peak trading period, 
often resulting in increased usage. If the data were collected via a slower method, the 
effect of seasonality could distort the results; and 
 Convenience – respondents are able to access the survey at a time that suits them. Often 
the option also exists to save your progress and complete the survey at another time. 
This approach helps to increase the response rate and reduce sampling errors and 
omissions. 
However, it has been highlighted that “many respondents may not fully understand the 
distinction among different modes” (TIAX, 2007), further questioning the reliability of survey 
responses. 
It is also important to consider that, at present, some data cannot be collected via alternative 
means, such as the more qualitative information regarding how many people use each 
console, which functions they use and whether they switch it off after use. Therefore, 
although it does have its limitations, survey data does give an insight in to console usage that 
would otherwise be unavailable. 
Removing the survey results leaves six studies; four that report metered data (Nielsen, 2009, 
Nielsen, 2010, Interek, 2012, Nielsen, 2007), one that uses a combination of metered data, 
survey responses and expert assumptions (Market Transformation Programme, 2009a), and 
data provided by manufacturers (Console Manufacturers, 2012c). With no details available 
regarding the methodology used to collect the manufacturer’s data and the limited data 
available for HD consoles in the Nielsen (2007) study, these are also disregarded. This leaves 
four estimates of the time a console spends switched on per day, shown in Table 2.25. 
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Table 2.25 Summary of total on time estimates for HD consoles 
Study Measured on time (hours/day) 
Nielsen (2009)1 2.6 
Nielsen (2010) 1 1.1 
MTP (2009) 1.6 
Intertek (2012) 1 2.3 
Mean 1.9 
1 These are the mean of estimates for Xbox 360 and PlayStation®3 consoles 
Given that there is no trend for increasing or decreasing use over time, the mean of the 
estimates shown in Table 2.25 is used in this analysis, which results in an estimate for the 
time a console spends switched on of 1.9 hours/day for HD consoles. To verify whether this 
estimate was appropriate, confidential data were used. These data showed that the mean 
was in the range of usage that could be expected for HD consoles. 
The next stage in this analysis is to establish how the time a console spends switched on is 
split between different modes. Of the studies summarised in Table 2.11, three give an 
indication of how the time a console spends switched on is split between different modes. 
However, of these studies, one reports data for all consoles and not specifically HD consoles 
(Consumer Electronics Association, 2010), one uses an unknown methodology to collect the 
data (AEA, 2010) and the other reports data for standby, off and on modes but does not give 
an indication of which modes are used when the console is switched on (Intertek, 2012). As 
such, other studies that consider the how the time a console spends switched on is split 
between the different modes are used. These data are summarised in Table 2.26. Although 
these data are based on surveys, they offer the most detailed insight into console usage. 
Furthermore, the data are collected for three consecutive years and show good agreement 
over time, indicating a robust methodology. 
Table 2.26 Mean data on the proportion of time a console spends in each mode for HD 
consoles (Nielsen, 2011b, Nielsen, 2013b) 
 Contribution to total on time 
Mode 2010 2011 2012 Mean 
Online gaming 24% 25% 26% 25% 
Offline gaming 32% 36% 31% 33% 
Media1 34% 35% 38% 35% 
Other2 11% 5% 7% 8% 
TOTAL 100% 100% 101% 100% 
1 Media covers the time spent watching on-demand/streaming services, watching DVDs/Blu-rays and watching 
downloaded movies and TV shows 
2 Other refers to the time spent listening to music, browsing the Internet etc. 
Given that the estimates of the time a console spends switched on also span a period 
between 2009 and 2012, the mean of the estimates in Table 2.26 are used to estimate the 
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time spent in each mode. As above, confidential data were used to verify whether these 
estimates were appropriate. This gives the following estimates: 
Gaming = 1.1 hours/day 
Media = 0.7 hours/day 
Other = 0.1 hours/day 
On average consoles remain switched on for only 8% of time. It is necessary, therefore, to 
establish if consoles are in standby, networked standby or off for the remaining time. Table 
2.11 shows that just two of the eight data sources consider the full 24 hour period with the 
remaining time either attributed to standby and off modes (Intertek, 2012), just standby 
mode (AEA, 2010) or just off mode (Consumer Electronics Association, 2010). 
Studies that only consider standby are likely to overestimate the electricity use as this 
assumes that consoles are never switched off. In contrast, the studies that attribute the 
remaining time solely to off mode are likely to underestimate the electricity use as many 
users will leave their consoles in standby so that they can restart them using controllers or 
pressing the button on the front of the console, rather than switching the power on at the 
plug. Although standby mode on HD consoles only requires 3.1 W or less during the period 
of study (Table 2.24), it could have a considerable impact on the electricity use of consoles 
given that it accounts for up to 91% of usage time. Various sources of data are available 
regarding the time consoles spend in standby and switched off. A survey of appliances in 
Australia found 4% of consoles in homes were in standby mode, 63% in off mode (switched 
off at the wall or using the switch on the console) and 32% unplugged (Equipment Energy 
Efficiency Program, 2011). These data are further supported by the findings of the Interactive 
Software Federation of Europe (2010a) study that suggests 61% of HD console users switch 
their consoles off after use, either using the switch on the plug or the switch on the back of 
the console. However, Xbox 360 consoles have never had an off switch on the console and 
only early models of PlayStation®3 sold until 2009 had an off switch on the console. As there 
are no more recent data that covers those consoles without an off switch, it is assumed that 
all HD consoles are placed in to standby mode when not being used, which accounts for 22.3 
hours/day. 
Finally, none of the studies in Table 2.11 consider the contribution of networked standby; a 
mode in which the console is waiting for a network signal to be reactivated remotely. The 
PlayStation®3 is the only HD console to have this functionality, which allows users to 
remotely wake up their console and access their games etc. via an Internet connection. 
Networked standby on PlayStation®3 does, however, have a relatively high power 
consumption compared to normal standby, 11 W versus 3.1 W maximum (Table 2.24), and 
as such it is important to consider the time spent in this mode. Data for usage of networked 
standby functionality is reported in the GameVision studies, which considers the proportion 
of PlayStation®3 users that have enabled remote play functionality on their console, 
provided through a networked standby mode (GameVision, 2009, GameVision, 2010b, 
GameVision, 2010a, GameVision, 2011b). This suggests that between 12% and 30% of 
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PlayStation®3 users have used the remote play function at least once a week. Regardless of 
how often the function is used, networked standby will remain activated to respond to these 
requests as necessary. The mean of 21% will be used in this study. To estimate the time spent 
in networked standby mode for all HD consoles, the proportion of PlayStation®3 consoles 
with the function enabled is weighted according to the percentage of sales of HD consoles 
that PlayStation®3 accounts for in Europe to December 2012 (57.5%) (VGChartz, 2013a). This 
gives a figure of 12% of HD consoles with functions enabled that rely on the console to be in 
networked standby mode. Any time spent in networked standby mode will replace time 
spent in standby mode. It is therefore estimated that HD consoles spend 2.7 hours/day in 
networked standby mode. Table 2.27 summarises the usage profile for HD consoles collated 
from the data discussed above. 
Table 2.27 Usage profile for HD consoles 
Mode Time (hours/day) 
Gaming 1.1 
Media 0.7 
Other functions/navigation 0.1 
Standby 19.5 
Networked standby 2.7 
TOTAL 24 
2.9.1.1 Inactive usage 
Existing estimates for HD Xbox 360 and PlayStation®3 consoles regarding the contribution 
inactive time makes to the total on time range between 22% (Consumer Electronics 
Association, 2010) and 93% (NRDC, 2008a). The NRDC (2008a) and Hittinger et al. (2012) 
assess inactive time based on an assumed proportion of users that do not switch their 
consoles off after use, 50% and 30% respectively. Considering the estimated time a HD 
console spends switched on, calculated above in Section 2.9.1, would suggest a minimum 
inactive time for these users of 22.3 hours/day. The Market Transformation Programme 
(2009a) anticipates that inactive time will increase in the future as more downloadable 
content becomes available, however, there is no evidence to suggest this is true. 
The results of surveys investigating if and how users switch their consoles off after use 
challenge some of the higher estimates for inactive time on HD consoles. As stated above, 
various studies report the proportion of users that switch their console off after use, and 
which mode they switch it to. A study of appliances in homes found up to 95% of consoles 
were switched off or unplugged (Equipment Energy Efficiency Program, 2011). Supporting 
these findings are the results of a small online survey of 400 individuals conducted in the US 
in March 2010. The survey reports that 16% of users almost never switch their consoles off, 
with 84% of respondents reporting to switch their consoles off after use “most of the time” 
(Retrevo, 2010). In addition, the results of metered studies show that most consoles are not 
left switched on all the time. 
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Another aspect to consider when estimating the inactive time is the number of consoles that 
have Auto Power Down (APD) enabled, which automatically switches the console into 
standby or networked standby mode after a set period of inactivity. Two surveys conducted 
in 2010 asked gamers about the APD settings on their consoles (Consumer Electronics 
Association, 2010, Interactive Software Federation of Europe, 2010b). Between 57% and 66% 
of respondents were unaware of the power management functions on their consoles or 
unsure if their console powered off automatically. Some users of Wii consoles reported to 
be aware of the power management function on their console, however, the Wii console 
does not have an APD feature. These findings support the observation that many 
respondents may not fully understand the distinction between modes (TIAX, 2007). 
Despite various sources of data regarding consumer switch off behaviour and the activation 
of APD features, estimates of the time a console spends switched on but inactive remain 
highly uncertain. Given the apparent difficulty for consumers to estimate the time their 
console spends inactive, this research will use the assumption that 30% of the time a console 
is switched on it is inactive. The range in estimates is considered in sensitivity analysis. 
2.9.2 Power consumption data 
As discussed above, the power consumption data available in the literature for HD consoles 
is very fragmented in terms of coverage of modes and different models released over the 
lifetime of these products. The data most representative of games consoles in use is that 
published by console manufacturers; this study reports the mean navigation mode power 
consumption for all models of PlayStation®3 sold since launch in Europe (Console 
Manufacturers, 2012c) to 2012. For consoles available for sale, the navigation mode power 
consumption of PlayStation®3 consoles on sale in December 2012 is also reported (ibid.,). 
However, as is clear from the data summarised in Table 2.24, console power consumption 
varies between modes. To overcome the limitation of this particular data being an average 
of navigation mode only (Console Manufacturers, 2012c), the power consumption 
measurements from the NRDC and Energy Solutions (2011) and AEA (2010) studies, both of 
which report power consumption for multiple modes, are used to calculate the ratios 
between navigation mode power consumption and other modes. The power consumption 
data published by the Danish Technological Institute for PlayStation®3 (Danish Technological 
Institute, 2007) is not used in this analysis as these data are not representative of HD 
consoles. The power consumption data used to calculate the ratios are summarised in Table 
2.28 below. 
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Table 2.28 Summary of the power consumption data used to calculate the ratios between 
navigation and other modes 
 Power consumption (W) 
Mode AEA (2010) NRDC/ Energy Solutions 
(2011)1 
Active gaming 93.32 87.5 
Gaming (inactive) 92.8 78.83 
Media 74.94 705 
Media inactive 73.9 78.83 
Internet browsing (active) 74.1 705 
Internet browsing (inactive) 74.1 78.83 
Other functions (active) 74.6 705 
Other functions (inactive) 74.6 78.83 
Navigation 74.56 74.5 
1 HD average 
2 1 player gameplay 
3 Only one value is reported for inactive in each mode 
4 Average of audio and media measurements  
5 Only one value is reported for secondary functionality 
6 Navigation power consumption is not reported, it is assumed that the mean of the active power 
consumption values of secondary functions is representative of navigation power consumption 
A mean ratio is then calculated for each mode reported in the AEA and NRDC data, which are 
subsequently applied to the manufacturer values for navigation mode power consumption 
to calculate a representative estimate of average HD console power consumption in each 
mode. The ratios and resulting power consumption figures are shown in Table 2.29.  
Table 2.29 Estimated power consumption values (W) for high definition games consoles and 
the ratios used to calculate them 
 Ratios Power consumption (W) 
Function/mode AEA NRDC Mean In Use On sale 
Gaming 1.25 1.17 1.21 131.0 83.7 
Gaming inactive 1.25 1.06 1.15 124.4 79.5 
Media 1.01 0.94 0.97 105.0 67.1 
Media inactive 0.99 1.06 1.02 110.7 70.7 
Internet browsing active 0.99 0.94 0.97 104.4 66.7 
Internet browsing 
inactive 
0.99 1.06 1.03 110.8 70.8 
Other functions active 1.00 0.94 0.97 104.8 67.0 
Other functions inactive 1.00 1.06 1.03 111.2 71.0 
Navigation 1.00 1.00 1.00 108.0 69.0 
Standby - - - 1.2 0.5 
Networked Standby - - - 11 11 
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The values for standby power consumption are taken directly from the console 
manufacturer’s data (Console Manufacturers, 2012b) as this considers all models of 
PlayStation®3 consoles, as opposed to the other studies that only consider one model. 
Networked standby power consumption is taken from the NRDC and Energy Solutions report 
(2011), the only study to report this data. 
This section explained how the power consumption data was derived from the summary 
shown in Table 2.24. These data are used in the following section, in combination with the 
usage profile derived in Section 2.9.1, to calculate more representative and reliable 
estimates of HD console electricity use than have previously been available. 
2.10 Estimating the electricity use of HD consoles 
This section uses the TEC methodology to calculate an estimate of HD console electricity use 
for both models in use and new models available for sale in early 2012. The section includes 
a sensitivity analysis to establish the main cause of any uncertainty in the resulting estimates 
and to identity where further research is needed. 
Estimates are shown in Table 2.30, with the electricity use estimate calculated for consoles 
currently in use 37% higher than the estimate for those on sale in early 2012, 105.2 kWh/year 
versus 66 kWh/year. This is largely the result of advances in chip technology that have 
resulted in improvements in console efficiency. For example, the Cell processor in the 
PlayStation®3 consoles on sale in 2012 uses a 45 nm process for its transistors, half the size 
of the original 90 nm process in the 2006 launch model (ars technica, 2008). The reduction 
in process size, or die shrink, enables more transistors to fit on the same sized chip or, in the 
case of PlayStation®3, because the performance must be held constant over the product 
lifetime, the same number of transistors to fit on a smaller chip. In order for transistor density 
to increase, the power per transistor must also be reduced otherwise the “power densities 
on the silicon rapidly become unmanageable” (Koomey et al., 2011). 
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Table 2.30 Estimated electricity use of HD Xbox 360 and PlayStation®3 consoles  
 
Average usage 
time (Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity Use 
(kWh/year) 
Percentage 
Contribution 
Function In use New 
models 
In use New 
models 
In use New 
models 
Gaming 0.7 137.1 83.7 37.4 22.8 36% 35% 
Gaming Inactive 0.3 137.1 83.7 16.0 9.8 15% 15% 
Media 0.5 109.9 67.1 18.5 11.3 18% 17% 
Media Inactive 0.2 109.9 67.1 7.9 4.8 8% 7% 
Other Functions 0.1 109.7 67.0 3.9 2.4 4% 4% 
Other Functions 
Inactive 
0.0 109.7 67.0 1.7 1.0 2% 2% 
Standby/Off 19.5 1.3 0.5 9.2 3.2 9% 5% 
Networked 
Standby 
2.7 11.0 11.0 10.7 10.7 10% 16% 
Total 24.0 - - 105.2 66.0 100% 100% 
Of particular interest is the contribution standby mode makes to the overall estimated 
electricity use. The electricity use of standby for consoles in use accounts for 9% of total 
electricity use, versus 5% for new models on sale in early 2012. This is due to the reduction 
in average standby power consumption from 1.3 W to 0.5 W. In contrast, the contribution of 
networked standby to the total TEC is, on average, 6% higher for new models on sale in early 
2012 compared to those currently in use by consumers. This is due to the use of the same 
power consumption value for networked standby in both baseline estimates, while all other 
power values have decreased. It is likely that networked standby power consumption has 
also decreased over the product lifetime in a similar manner to other modes; research to 
establish how networked standby power consumption has changed over time is detailed in 
Chapter 3 of this thesis. Although this may lead to an overestimate for the contribution of 
networked standby to the TEC for new models on sale in early 2012, given that it is only 
available on PlayStation®3 HD consoles and few users are shown to use the functionalities 
supported by networked standby, it is unlikely to have a significant effect on the results. The 
calculations also show that, in both cases, gameplay accounts for around 50% of the total 
electricity use, while the contribution of media play is shown to be around 25% in both 
estimates. Finally, other functions are estimated to account for 6%. 
As discussed in Section 1.8, existing estimates of console electricity use vary substantially 
between 32 kWh/year and 500 kWh/year. This analysis calculates the electricity use of HD 
consoles in use is almost five times lower than the upper bound of existing estimates, 105.2 
kWh/year versus 500 kWh/year. Over seven times lower than the upper bound of existing 
estimates is the estimate for new models of HD console on sale in early 2012, at 66 kWh/year. 
This research has narrowed the range of estimates for HD console electricity use significantly 
by selecting and using the most accurate and representative data and identifying and 
eliminating incorrect assumptions. The following section describes a sensitivity analysis 
conducted to establish the effect of any assumptions on the results. 
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2.11 Sensitivity Analysis 
Some informed assumptions have been made where a lack of data or poor agreement 
between studies existed. To test the suitability of these assumptions, and the extent to which 
they have affected the electricity use estimates, a sensitivity analysis is included below. This 
focuses on the following areas: 
Usage data – the upper and lower bounds of the metered estimates for the time a 
console spends switched on are considered (2.64 hours/day and 1.1 hours/day); 
Inactive time – is varied between the assumed 30% used in the estimates described 
above and the upper bound of existing estimates, 78% (Market Transformation 
Programme, 2009a); and 
Power consumption data – the upper and lower ratios calculated for each mode for the 
NRDC and AEA data are used, rather than the mean of the two. 
The results of the sensitivity analysis are shown in Figure 2.7 and Figure 2.8. The three usage 
scenarios considered are shown by a separate bar on the chart. The change in total electricity 
use caused by changes in the proportion of time a console spends switched on but inactive 
is not included as this was shown to have a very small effect in all cases (≤1%). Electricity use 
estimates for consoles in use vary between 60 kWh/year and 144.2 kWh/year, while 
estimates for new models on sale in early 2012 vary by 55.6 kWh/year between 34.1 
kWh/year and 89.7 kWh/year. 
The sensitivity analysis shows that uncertainty around the usage of consoles is the biggest 
cause of variation in electricity use estimates, also recognised by Hittinger et al. (2012). This 
is unsurprising given the difficulty in collecting data for console usage where many factors 
are at play, including the time of year, launches of games and consoles, an increasing number 
of functions and demographics. The results suggest variation in power consumption between 
modes of HD consoles is fairly certain, however, these studies both report data for more 
recent models of HD console. It is essential to remember that power consumption is not 
static over the lifetime of games consoles as the hardware is improved for subsequent 
models. Although the data for average navigation power consumption used accounts for 
each model of PlayStation®3 sold to 2012, it is not weighted by sales and may therefore over 
represent some models and vice versa. 
Despite the wide range in estimates for the time a console spends switched on but inactive, 
varying the time a console spends inactive has very little effect on the overall electricity use 
as the power consumption of active and inactive modes are very similar. The time a console 
spends inactive could provide an opportunity for significant electricity saving through 
encouraging users to switch their consoles off or activating the APD feature. However, at 
present it is not possible to estimate accurately the potential electricity saving of this feature 
due to uncertainty over the time consoles spend inactive. 
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1 Ratios derived from (AEA, 2010). See Table 2.29 
2 Ratios derived from (NRDC and Energy Solutions, 2011). See Table 2.29 
Figure 2.7 Sensitivity analysis results for HD consoles in use 
 
1 Ratios derived from (AEA, 2010). See Table 2.29 
2 Ratios derived from (NRDC and Energy Solutions, 2011). See Table 2.29 
Figure 2.8 Sensitivity analysis results for new models of HD console on sale in early 2012 
The sensitivity analysis has shown that the greatest uncertainty arises from the usage 
estimates, however, uncertainty regarding inactive time and power consumption values are 
shown to have a much lesser effect on the overall TEC estimates. 
2.12 Discussion 
This chapter collates and reviews available sources of data on the usage and power 
consumption of HD Xbox 360 and PlayStation®3 consoles. The aim of this meta-analysis is to 
calculate more representative and reliable estimates for console electricity use than have 
been derived previously. Two electricity use estimates are calculated; one to represent the 
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electricity use of consoles in use and the other new models available for sale in early 2012. 
The electricity use estimates calculated herein for HD consoles have addressed the use of 
incorrect data and poor assumptions that led to the wide range in existing estimates of 468 
kWh/year. 
The electricity use estimates calculated herein have narrowed the range of electricity use 
estimates for HD Xbox 360 and PlayStation®3 consoles, to between 66kWh/year and 105.2 
kWh/year, using the best available data for usage and power consumption and assumptions 
where data were unavailable or limited in scope. 
Analysis of the available usage data shows that there are large variations between the type 
of data collected, its coverage and the method used to collect the data. For instance, various 
studies only report data regarding how long users spend gaming per week while others ask 
about the use of secondary functionalities such as Internet browsing. Furthermore, the 
coverage of the gaming community is varied with some sources only considering 8-18 year 
olds (Rideout et al., 2010), while others only consider adults aged 16+ (Interactive Software 
Federation of Europe, 2010a). Collecting such data is, however, complex; factors such as the 
time of year, the launch of new games or platforms and the ability to add new functions to 
consoles in use, via operating system updates downloaded from the Internet or game discs, 
means that usage is constantly changing. In particular, the method of data collection is 
particularly important for console usage data, with only metered estimates used in this 
analysis. Although survey data can provide a good insight into which modes are used and for 
how long consumers use their consoles, there are some fundamental issues. Firstly, users 
find it difficult to estimate how long they use their devices for on average and asking them 
to recall their usage is likely to introduce error. Secondly, recalling which modes users use is 
also difficult, coupled with the issue of respondents understanding what the different modes 
are (TIAX, 2007). Finally, it is also unknown whether users will account for the time their 
console spends switched on but inactive, a factor that could more than double the usage 
time considering the estimated contribution of inactive time (between 30% and 78%). While 
metered data can overcome some of these issues, at present power meters are not able to 
discern between different modes and whether the console is active or inactive. As such, 
survey data that reports the split between modes of the time a console spends switched on 
is used. Although no single data set appears to cover all aspects of console usage, including 
how long the console spends in each mode and switched off, it has been possible to draw 
together data to build a more complete picture. 
In contrast to usage data, power consumption data per mode can be readily collected using 
power meters. Despite this, it is clear from the summary presented in Table 2.24 that 
available data for console power consumption is highly variable in its coverage of modes. 
This is likely to be caused by a lack of a consensus regarding a test methodology for games 
consoles, something currently being addressed by console manufacturers in collaboration 
with other stakeholders through development of a test methodology. This will help to ensure 
that measurements can be compared and verified. Table 2.24 also clearly shows a decrease 
in console power consumption between 2005 and 2012 of up to 106.9 W and 119.4 W while 
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active for Xbox 360 and PlayStation®3 consoles respectively. This is caused by the use of 
more efficient processor chips in newer models. However, each study only presents an 
arbitrary snapshot of this decrease in power consumption and a comprehensive account is 
missing. 
The resulting electricity use estimates, for both consoles in use and new models available for 
sale in December 2012, give a detailed understanding of the contribution of each mode to 
the total. In terms of a baseline to help determine possible electricity savings for games 
consoles and in evaluating the likely savings of any proposed regulations and standards, this 
level of detail is essential. An example of this is the desire to regulate media power 
consumption use, given the significantly lower power consumption of standalone devices 
providing the same function (NRDC, 2008a). However, as shown, media playback electricity 
use accounts for 25% of the electricity used by each console annually. Gaming power 
consumption, the main function of HD consoles is responsible for 50% of console electricity 
use. Research detailed in Chapter 4 studies various efficiency improvements for games 
consoles and their potential energy saving. 
This research estimates the electricity use of both consoles in use and new models on sale in 
early 2012 separately, with an estimated difference in electricity use of 39.2 kWh/year or 
37%. The proportion of total electricity use attributed to each mode in both cases is broadly 
similar. This comparison is most valuable when considering latest technology versus actual 
electricity use in any period. In estimating potential electricity savings, new hardware cannot 
be deployed to consoles already in use and to calculate electricity savings based on these 
consoles’ electricity use would not account for progress already achieved in terms of 
hardware efficiency improvements; leading to an overestimate of potential electricity saving. 
To establish accurately the reductions in electricity use of any new hardware, a baseline 
representing the current technology (i.e. new models on sale) is essential. This can also be 
used to identify the potential for further electricity savings through hardware changes; this 
is considered in more detail in Chapter 4. An estimate of the average electricity use of 
consoles in use is also valuable in order to assess the potential electricity saving of 
improvements that can be added to all consoles, such as APD settings that can be updated 
on all consoles via an operating system update. 
2.13 Research Implications 
The research shows that significant improvements in the efficiency of HD consoles has been 
achieved over the lifetime of these products and in order to gain a comprehensive 
understanding of how this has influenced the electricity use of these devices per unit, an 
overall average is not sufficient. Policy makers, NGOs and console manufacturers can use the 
electricity use estimates calculated herein to: 
 Estimate the overall impact of these devices in terms of their total electricity use; and 
 Estimate the likely electricity savings for efficiency improvements that change either the 
hardware or the software. 
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The availability of more representative and reliable estimates of games console electricity 
use can help to identify where the opportunities exist for electricity saving and to estimate 
the potential magnitude of electricity savings. In particular, it is shown that the use of existing 
estimates of console electricity use could lead to missed electricity saving opportunities or 
the introduction of regulations or standards that do not target the right area of console 
electricity use. 
This study was used with NGOs, including NRDC, to improve their previously incorrect 
estimates regarding console electricity use (see Section 1.8). 
2.14 Limitations and further research 
Although this research has improved understanding of HD console electricity use, there are 
some areas where data remain limited, which increases the uncertainty around the 
estimates. This includes: 
 Comprehensive power consumption data is not available – as discussed above, the 
power consumption of HD consoles has fallen significantly over the product lifetime, 
however, data is not available for each model. Furthermore, the data available for 
power consumption in different modes is variable between studies, with limited data 
available for some modes, such as networked standby. This analysis could be 
improved through use of power consumption data for each model of HD console in 
multiple modes. The following chapter describes detailed power consumption 
testing conducted on each model of PlayStation® platform sold since 1995; 
 Usage data is for disparate regions and collected at different times – the data 
available for console usage is highly variable in terms of its coverage and scope, 
resulting in a wide range of estimates for the time a console spends switched on. 
Data collected over a longer period, such as a year would help to eliminate some of 
the bias that could be introduced through the time when the data is collected. 
Furthermore, regular data collection using the same methodology would help to 
identify trends in usage over time, such as the Nielsen surveys used to estimate the 
time spent in each mode; 
 Lack of consensus on mode definitions – studies measuring power consumption 
used a wide range of mode descriptions. Mode definitions are now fixed following 
work to reach consensus. Future work should ensure that a consistent and 
comparable approach is taken, as outlined in this study; 
 Power consumption not weighted according to sales – average power consumption 
of consoles in use must be weighted according to sales of each model. Games 
consoles are known to have an unusual sales pattern in that peak sales do not occur 
until well into the product lifetime (Hittinger et al., 2012). As such, a straight average 
may over represent the earlier models of HD consoles that have higher power 
consumption. Weighting the power consumption values by the proportion of sales 
would improve the accuracy of the estimates. The following chapter calculates the 
Amanda Webb  Doctoral Thesis 
91 
 
cumulative electricity use of PlayStation® platforms, taking into account sales of each 
model; and 
 Inactive time is still unknown – although the inactive time is shown to have a 
minimal effect on the electricity use estimates, if these are to be used to estimate 
the potential electricity saving of improvements that could reduce the time a console 
spends inactive, such as APD, then further data is needed to improve the accuracy 
of estimates. 
2.15 Conclusions 
Prior to this study, estimates of HD electricity use ranged between 32 kWh/year and 500 
kWh/year. The results of this research suggest that the range is likely to be much narrower 
at between 66 kWh/year and 105.2 kWh/year. This suggests that the contribution of HD 
games consoles to climate change may be much smaller than previously thought. 
Furthermore, this research has presented two estimates of HD console electricity use to 
account for the difference between the consoles in use and new models on sale. These 
estimates can be used to more accurately estimate the potential electricity saving of 
different efficiency improvements and options to improve the energy efficiency of consoles 
and, furthermore, to estimate the impact of regulations and standards aiming to improve 
console efficiency. 
The following chapter summarises detailed power consumption testing conducted on each 
model of PlayStation® platform sold since 1995, the results of which are used to estimate 
the cumulative electricity use of PlayStation® platforms over time. 
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3 Typical Electricity Consumption of 
PlayStation® Consoles 
3.1 Chapter Objectives 
This chapter will: 
 Describe power consumption testing conducted on a sample unit of each model of 
PlayStation® platform; 
 Test the assumption, using PlayStation® platforms as a case study, that games console 
power consumption follows a “saw tooth” trend using the power consumption data 
collected (Market Transformation Programme, 2012); 
 Calculate the annual electricity use of each model of PlayStation® platform using the 
measured power consumption data; 
 Calculate the cumulative electricity use of all PlayStation® platform since launch using 
the electricity use estimates for each model of PlayStation® platform and monthly sales 
data for Europe; 
 Calculate the avoided electricity use of all PlayStation® platforms in Europe achieved 
through energy efficiency improvements made during the lifetime of each product 
generation;  
 Compare the baseline electricity use estimate for HD consoles derived in Chapter 2 to 
that calculated for PlayStation®3 herein; and 
 Identify any trends in the electricity use of each PlayStation® platform over time and the 
implications of these in terms of when and how regulations and standards for console 
energy efficiency could be introduced. 
3.2 Introduction 
The previous chapter derives estimates of High Definition (HD) Xbox 360 and PlayStation®3 
console electricity use, using data available from previous research, for both consoles in use 
and new models on sale in 2012. As explained in Section 1.5, improvements to games console 
hardware over the lifetime of each product generation have resulted in a reduction in power 
consumption. The power consumption data available for HD consoles from existing studies 
provides snapshots from different points in the product lifetime that capture the general 
trend of decreasing power consumption. A detailed understanding of the magnitude of these 
reductions and when they occur, however, is unavailable. As such, assessments of console 
electricity use to-date do not account for this trend and simply use power consumption data 
for models currently in use at the time of study. Considering that the power consumption of 
HD consoles has fallen significantly since launch, it is important to reflect accurately this 
trend in any electricity use estimates. For example, PlayStation®3 gaming power 
consumption is shown to have fallen by over 60% since launch in 2007 and 2012 (see Section 
3.6.1.3). As such, using power consumption data for one model could lead to significant 
under or over estimates of console electricity use. 
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This chapter details testing conducted on a sample unit of each model of PlayStation® 
platform7 (PlayStation®8, PlayStation®2 and PlayStation®3) sold in Europe since 1995 and up 
to and including the PlayStation®3 model available in December 2012. The testing was 
undertaken to address the incomplete nature of power consumption data available in the 
literature for consoles. The result is a comprehensive data set detailing the power 
consumption of each model of PlayStation® platform9 in the main modes available; gaming, 
media, other functions/navigation, standby and networked standby (for mode definitions 
see Section 3.3). 
The data collected demonstrate the decrease in power consumption that occurs within each 
generation of PlayStation® platform due to energy efficiency improvements made to the 
hardware. The electricity use estimates for HD consoles calculated in the previous chapter 
are recalculated using the measured power consumption data from this study. The power 
consumption measurements are also used to calculate the annual electricity use of each 
model of PlayStation® platform in Europe since 1995 to December 2012, and combined with 
sales data, the cumulative electricity use of each platform over time is also estimated. This 
provides an insight into the electricity use of PlayStation® platforms, indicating when peak 
electricity use has occurred within each product generation, how hardware improvements 
and sales influence the monthly electricity use of each platform and by how much the 
cumulative electricity use of each PlayStation® platform has increased compared to its 
predecessor. The results of this research can be used by stakeholders involved in developing 
standards and regulations for consoles to establish the potential electricity saving of 
different efficiency improvements, how standards and regulations can help to encourage 
implementation of the efficiency improvements with the greatest potential and when this 
should occur in order to maximise electricity savings. 
3.3 Background 
This section gives a summary of each PlayStation® platform considered in this study, 
including a detailed description of the hardware specifications and the modes available. The 
comparison between PlayStation® platforms highlights where technological developments 
have improved both the performance and functionality over time. This is followed by 
definitions of the modes in which power consumption is measured on each console. 
                                                          
7 The term ‘PlayStation® platforms’ is used in this thesis to collectively refer to multiple generations of 
PlayStation® platform, ie PlayStation®, PlayStation®2, PlayStation®3 and, where relevant, PlayStation®4. 
8 The term ‘PlayStation®’ is used in this thesis to refer to the original PlayStation® console. 
9  A console platform can be defined as a console with a specific level of performance. For example, the 
PlayStation®, PlayStation®2, PlayStation®3, Xbox, Xbox 360 and Wii are all console platforms. Each has different 
performance due to different hardware specifications. Within each platform, different models are released over 
the product lifetime, which may include physical changes, however, the performance is held constant so that 
games released at launch can be used on newer models. 
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3.3.1 History of PlayStation® platforms 
In 1995, the first Sony console was launched in Europe, the PlayStation®. This was one of the 
first consoles to use a CD based system, rather than cartridges, which increased the storage 
capacity available allowing better video and audio production (Hussain, 2010). In 2000, a 
redesigned slim version was launched, the PlayStation®One. Also in 2000, the more powerful 
PlayStation®2 was launched with new functions including DVD playback and the possibility 
to connect to the Internet with a network adaptor (sold separately). The internal design 
architecture of PlayStation®2 was completely overhauled in 2004 that resulted in the internal 
volume being reduced by 75% and the weight halved (Sony computer entertainment 
Incorporated, 2004). The PlayStation®3 launched in Europe in 2007, which included a Blu-ray 
player, an integrated Hard Disc Drive (HDD) and a wireless network adaptor. Similar to the 
PlayStation®2, the PlayStation®3 hardware was also significantly redesigned with the 
internal volume, thickness and weight reduced by over a third (Sony Computer 
Entertainment Incorporated, 2009). In 2012, a further redesign of PlayStation®3 was 
completed resulting in even further weight and size reductions. The technical specifications 
of each PlayStation® platform are summarised in Table 3.1. As shown, between different 
PlayStation® platforms the performance has advanced significantly over time with more 
sophisticated and powerful Central Processing Units (CPUs) and Graphics Processing Units 
(GPUs), increased capacity of system memory, from around 3 MB to 512 MB, and improved 
graphics resolution from a minimum of 256x224 to full HD 1080p (see Box 3.1). Reflecting 
the added capability of PlayStation®2 and PlayStation®3 consoles to connect to the Internet, 
SONY launched the PlayStation® Network (PSN) alongside the launch of PlayStation®3. The 
PSN is a free service that allows users to game online, access the PlayStation® Store to 
purchase additional content, connect with friends and stream movies and TV shows 
(PlayStation.com, 2014). At the time of study PlayStation®4 had not been launched, but is 
addressed in Chapter 4. 
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Table 3.1 Technical specifications of each PlayStation® platform 
Component PlayStation® (Wikipedia, 
2014b) 
PlayStation®2 
(Wikipedia, 2014a) 
PlayStation®3 (Sony 
Computer Entertainment 
Incorporated, 2006) 
CPU MIPS R3000 running at 
33.9 MHz 
64 bit “Emotion 
Engine” clocked at 
294.9 MHz 
3.2 GHz “Cell Broadband 
Engine” 
GPU Maximum of 16.7 million 
colours 
 
Graphics synthesiser 
clocked at 147.5 MHz 
550 MHz RSX “Reality 
Synthesiser” 
Memory CPU - 2 MB Main RAM, 1 
kB SRAM data cache 
GPU - 1 MB VRAM 
Sound Processing Unit – 
512 kB memory 
32 MB of Direct 
RAMBUS 
4 MB eDRAM 
256 MB XDR Main RAM 
256 MB GDDR3 VRAM 
Storage 
Capacity 
PlayStation® memory 
card (1 Mbit) 
PlayStation®2 memory 
card (8 MB) 
Add on 40 GB hard 
drive 
2.5 inch SATA hard drive 
between 20 GB and 500 
GB 
Sound  Supports Adaptive 
Differential Pulse-Code 
Modulation (ADPCM) 
Sampling rate of up to 
44.1 kHz 
- 
 
Dolby 5.1 ch., DTS, LTCM 
etc. (Cell-based 
processing) 
Media CD-ROM Drive 
2x with a maximum data 
throughput of 300kB/s 
CD 
DVD 
BD 2x (BD-ROM) 
DVD 8x (DVD-ROM) 
CD 24x (CD-ROM) 
Super audio CD 
I/O Resolutions from 
256x224 to 640x480 
AV Multi Out 
RCA Composite Video 
and Stereo out 
RFU DC out 
S-Video Out 
Serial I/O 
Parallel I/O 
Composite video 
S-Video 
RGB – SCART, VGA, 
YPBPR component 
video D-terminal 
Screen size 480i, 480p, 
720p, 1080i, 1080p 
HDMI out  
AV multi out 
Digital out (optical) 
Connectivity - 100 Mbit Ethernet 
Modem 
2x USB 1.1 
1x IEEE 1394 interface 
USB 2.0 (x4) 
MemoryStick/SD/ 
CompactFlash 
Ethernet 
IEEE 802.11 b/g 
Bluetooth 2.0 (EDR) 
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A sample unit of each model of PlayStation® platform were tested in the following modes 
(where available) (Console Manufacturers, 2013): 
Gaming – this includes the time a console spends switched on, with a game disc loaded and 
one or more users interacting with the console via the use of peripherals such as controllers. 
It also includes the time spent gaming online. 
Media – Various media formats can be played on consoles including CDs, DVDs and Blu-rays. 
Consoles connected to the Internet are also able to stream media. This mode covers all of 
these media functions. 
Other functions/ navigation – this includes the home menu, from which users can select 
different functions (navigation), and the functions that can be run from the home menu such 
as messenger services, photo viewing and Internet browsing. These functions are grouped 
together as they are only used by a relatively small proportion of consumers (under 10% of 
consumers report using these functions with a frequency of at least once a week 
(GameVision, 2011a)), and the power consumption recorded for these functions to-date is 
similar, varying by just 1-2 W (AEA, 2010). 
Standby – this is a common mode on many electrical appliances, defined as: 
“a condition where the equipment is connected to the mains power source, depends 
on energy input from the mains power source to work as intended and provides only 
the following functions, which may persist for an indefinite time: reactivation 
function, or reactivation function and only an indication of enabled reactivation 
function and/or information status display” (European Commission, 2008). 
Networked standby – this mode is increasingly common on appliances that use a network 
connection to send and receive information. It is defined as “a condition in which the 
equipment is able to resume a function by way of a remotely initiated trigger via a network 
connection” (European Commission, 2013b). Of the games consoles considered in this study, 
this mode is only available on the PlayStation®3. Examples of technologies and interfaces 
that can connect devices and form a network include Ethernet, Wi-Fi and Bluetooth 
(European Commission, 2014). The requirements are left relatively open-ended to avoid 
restricting technologies unnecessarily, with the key aspect being the device has a state in 
which it can resume a function by a remotely initiated trigger. It was advised by, a 
representative of the European Committee for Electrotechnical Standardisation (CENELEC) 
involved in developing a test standard for measuring the power consumption of networked 
standby modes, that the device should be set up as per the user instructions and follow 
established methods of power consumption testing. 
3.4 Methodology 
To calculate the electricity use of each model of PlayStation® platform the Typical Electricity 
Consumption (TEC) methodology is used, as in the previous chapter (see Section 2.4 for a 
detailed explanation). The generic TEC equation for estimating product electricity use is: 
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𝑻𝑬𝑪 = (𝑷𝟏 × 𝑻𝟏) + (𝑷𝟐 × 𝑻𝟐) + ⋯ (𝑷𝒏 × 𝑻𝒏) Equation 2 
Where TEC = electricity use in Wh, P = power in Watts, T = time in hours, 1, 2… n = different 
modes, and ∑T = 8,760 hours/year. 
In addition to TEC, a test method is developed to measure the power consumption of each 
model of PlayStation® platform. A list of the model numbers tested for each PlayStation® 
platform, alongside the platform to which they belong, are shown in Table 3.2. 
Table 3.2 PlayStation® platform model numbers in order of release 
Platform Model Year of release in EU10 
PlayStation® SCPH-1000 1995 
 SCPH-5500  
 SCPH-7000  
 SCPH-7500  
 SCPH-9000  
  SCPH-102 2000 
PlayStation®2 SCPH-30000 2000 
 SCPH-39000  
 SCPH-50000  
 SCPH-70000 2004 
 SCPH-75000  
 SCPH-77000  
 SCPH-79000  
  SCPH-90000  
PlayStation®3 CECHC 2007 
 CECHG  
 CECHH  
 CECHK  
 CECHL  
 CECH-2000A 2009 
 CECH-2100A  
 CECH-2500A  
 CECH-3000A  
 CECH-4000C 2012 
There is no formally accepted test methodology for testing games console power 
consumption, although stakeholders including Non-Governmental Organisations (NGOs), 
government authorities and console manufacturers have proposed various methods. The 
                                                          
10 Only the launch dates of visibly redesigned console models are shown in the table, for example the launch of 
the slim-line PlayStation ®2 in 2004. Other models indicate where internal changes or updates have been made 
to the console, the dates of launch for which are not publicly available. 
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following procedure is determined from an analysis and synthesis of existing methodologies 
for games consoles or related equipment, including: 
 the ENERGYSTAR® draft requirements for games consoles (EnergyStar®, 2011) (now 
formally adopted by the Environmental Protection Agency (EPA) in their recognition 
criteria for games consoles (United States Environmental Protection Agency, 2013)); 
 the International Electroctechnical Commission (IEC) 62087 standard for methods 
of measurement for the power consumption of audio, video and related equipment 
(IEC, 2008); and 
 the methodology in the console manufacturer’s voluntary agreement, developed in 
cooperation with the Natural Resources Defense Council (NRDC), an environmental 
NGO (Console Manufacturers, 2012e) 
The ENERGYSTAR® and console manufacturer’s test methods are specifically designed for 
measuring compliance of games consoles with energy efficiency requirements such as power 
limits on specific modes and Auto Power Down (APD)11 settings. In contrast, the IEC standard 
is a more general document that covers multiple consumer electronic products including TVs, 
Set Top Boxes and multi-function equipment for consumer use. The IEC standard also covers 
details such as measurement conditions and procedures, including ambient temperature and 
the length of the settling period required before measurements are taken, some aspects of 
which are included in the ENERGYSTAR® and Console Manufacturer’s test methods (IEC, 
2008). Technical specifications for the power measurement equipment used to test the 
product are also listed in the IEC 62087 standard and the Console Manufacturer’s test 
method refers directly to these specifications. The ENERGYSTAR® test method instead refers 
to IEC 62301 for the measurement of standby power consumption (IEC, 2011); however the 
majority of the testing requirements and specifications for the power measurement 
equipment are the same in both IEC standards. Two instances where the standards differ are 
the temperature requirements during testing and the settling period required before 
measurements are taken. Where they do differ, those in IEC 62087 are used as this is a more 
recent standard, and it is more aligned with the testing to be performed i.e. multiple modes 
and not just standby. 
For power consumption measurements to be reliable and repeatable, it is important that the 
environmental conditions, such as temperature, are consistent so that accurate 
measurements are taken. For example, if measurements were taken with an ambient 
temperature of 40oC, the electrical components are more likely to heat up faster. As a result, 
the fan would have to work harder to maintain a safe operating temperature, which would 
affect the power consumption of the equipment being tested. 
Some of the points in the procedure below outline how the console should be set up for 
testing. This is so the test setup, and the resulting power measurements, reflect how 
                                                          
11 Auto Power Down (APD) is a feature of the software that powers down a device after a certain period of 
inactivity to a low power mode. For example, on consoles if APD is activated then a console will power down to 
either networked standby or standby mode. 
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consumers use the console as closely as possible and because they have an effect on power 
consumption. These points cover what peripherals (controllers) should be connected to the 
console and how they are connected, i.e. via a cable or via Bluetooth; whether an Internet 
connection should be established and maintained throughout the testing; and which audio-
visual output should be used, i.e. High Definition Multimedia Interface (HDMI) or composite 
video. The choice of audio-visual output will determine, to an extent, how hard the graphics 
processor will need to work to generate the images on screen. At lower resolutions, the 
console does not need to process as much information. See Box 3.1 for a description of game 
display settings available on PlayStation®3 consoles. Only one controller is required to be 
connected as consoles are normally sold with only one. In addition, for the use of secondary 
functions such as media play that accounts for an estimated 50% of the time a console 
spends switched on, there is no need for more than one controller to be connected. 
HD PlayStation®3 and Xbox 360 system software has been regularly updated by 
manufacturers since launch to update the security settings and add new features and 
functionality (Sony, 2012a, Xbox.com, 2013b). In order to make testing equivalent and 
ensure that all necessary functions were available for testing, the PlayStation®3 system 
software was updated to the latest version available at the time of test, 4.21. Networked 
standby testing was conducted at a later date, by which time software version 4.31 had been 
released; this was downloaded and the testing conducting with the updated system software 
installed. As PlayStation® and PlayStation®2 system software was never updated these 
consoles were tested with the software as sold. 
Although the PlayStation®2 does have the option to connect to the Internet, through 
purchase of a network adapter, in accordance with point 8 in the test methodology, testing 
should be conducted with the console configured as sold i.e. without the network adapter. 
As required in IEC 62087 (IEC, 2008), the Unit Under Test (UUT) was placed in the mode to 
be tested for at least 15 minutes prior to collecting measurements. This is also the approach 
suggested in the console manufacturer’s voluntary agreement (Console Manufacturers, 
2012e), however, the ENERGYSTAR® method does not require any settling period 
(EnergyStar®, 2011). Measurements were taken at one-second intervals for 5 minutes, the 
maximum sampling rate available on the power meter used, and the mean power 
consumption calculated. The consoles tested were connected to the power meter via a 
power strip that was converted to plug directly into the power meter. This allowed each lead 
supplied with the console to be plugged into the power strip rather than altering each lead 
to plug directly into the power meter. The power consumption of the power strip is 
negligible, measured at 0.35 W, and is subtracted from all measurements to correct for this. 
The following sections detail the test setup requirements and the test procedure for testing. 
These have been developed based on current consoles and technology. It is likely that in 
future, as console features and functionality continues to develop and change, that the test 
procedure will need to be updated to ensure it remains relevant. This might include defining 
new modes for power consumption testing or changing the setup requirements to reflect 
changes in how consoles are used; for example, having multiple peripherals connected. One 
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of the main reasons for the absence of an agreed test method is the difficulty in choosing 
representative media. Table 3.3 summarises the media used to test the power consumption 
of each PlayStation® platform in the different modes. 
Table 3.3 Details of the media used for testing console power consumption 
 Media 
Mode PlayStation® PlayStation®2  PlayStation®3  
Gaming ISS Pro 
Evolution 
Soccer 1999 
ISS 2 Fifa ‘12/ 
Motorstorm 
Apocalypse 
Media (CD) Dizzie Rascal Tongue “N” Cheek 
Media (DVD) - Milk 
Media (Blu-ray) - - Hurt Locker 
Media (streaming) - - Drive (HD) 
3.4.1 Test Setup 
Power consumption measurements were taken using a HAMEG HM8115-2 8 kW Power 
Meter. This records the true, active power measured in Watts (HAMEG Instruments GmbH, 
2012). Consultation of the handbook supplied with the Hameg 8115-2 power meter used to 
conduct the power measurements of PlayStation® platforms shows that it complies with the 
following requirements of IEC 62087 (IEC, 2008) outlined below: 
 The fluctuation of the voltage supplied during the tests shall not exceed ±2 %; 
  The frequency fluctuation and the harmonic components of the supplied power 
shall not exceed ±2 % and 5 % respectively; 
 The measurement shall be carried out directly by means of a wattmeter, a wattmeter 
with averaging function, or a watthour meter by dividing the reading by the 
measuring time; 
 The sampling rate of the watthour meter or wattmeter with averaging function 
should be high enough to achieve an accurate measurement; 
 The power measurement instrument used shall measure the active power consumed 
regardless of the power factor of the device under test; 
 Measurements of power of 0.5 W or greater shall be made with an uncertainty of 
less than or equal to 2 % at the 95 % confidence level; 
  Measurements of power of less than, 0.5 W shall be made with an uncertainty of 
less than or equal to 0.01 W at the 95 % confidence level; and 
  The power measurement instrument shall have a resolution of: 
– 0.01 W or better for power measurements of 10 W or less; 
– 0.1 W or better for power measurements of greater than 10 W up to 100 W; 
– 1 W or better for power measurements of greater than 100 W. 
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Compliance with the above criteria allows the accuracy of the resulting power consumption 
values to be verified. 
3.4.2 Test Procedure 
The test procedure is as follows: 
1. Record details of the Unit Under Test (UUT), including model number. 
2. Record the ambient temperature and humidity – temperature should be between 
15 and 35oC (preferably 20oC). 
3. Connect the UUT to the first Audio-visual (AV) connection available, in the following 
preferential order: 
a) HDMI; 
b) Component Video; 
c) Composite Video; 
d) RF; and 
e) Other. 
4. Configure all UUT to peripherals connections (e.g. Infrared/Bluetooth) as sold, 
ensuring that the following provisions are also met: 
a) All accessories shipped with the console must be connected for the entirety 
of the test; 
b) If the controller has wireless capabilities, configure and use the wireless 
connection to the console during testing. Otherwise plug the controller into 
the UUT; 
c) Only one controller shall be used unless otherwise required for the UUT to 
operate properly; 
d) For wireless controllers and peripherals requiring integral batteries, ensure 
that the batteries are fully charged prior to testing; and 
e) Ensure the latest system software is installed. 
5. For consoles with wireless capability, power to a wireless LAN radio shall remain on 
during testing and shall maintain a live wireless connection to a wireless router or 
access point, which supports the highest and lowest speeds of the client radio, for 
the duration of testing. For consoles without wireless capability but with Ethernet, 
the Ethernet connection shall be enabled during testing. 
6. Remove any disk (media or game) from UUT. 
7. Streaming media chosen for testing shall be at the maximum resolution supported 
by the UUT or available for streaming to consumers. 
8. Ensure that the UUT is configured as sold, including, but not limited to: active 
connection(s) to all accessories and motion sensor apparatus shipped with the UUT, 
enabled Wake-on-Lan (WOL), power management and software settings as shipped 
by default. 
9. Connect an approved power meter capable of measuring true power to ac line 
voltage source set to the appropriate voltage/frequency combination for the test. 
10. Plug the UUT into the measurement power outlet on the meter. 
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11. The UUT will be placed in the mode to be tested for at least 15 minutes prior to 
collecting measurements. Measurements will be taken at 1-second intervals for 5 
minutes and the mean calculated. 
12. Record the ac voltage and frequency of the UUT. 
3.5 Variability Testing 
It is uncertain whether the sample unit is representative of the population of each console 
model in use. To establish whether there is any variability in power consumption between 
units of the same console model, thirty units of one model of each platform have been tested 
(SCPH-102, PlayStation®; SCPH-50000, PlayStation®2; and CECHG, PlayStation®3). It was not 
possible to test a larger sample due to difficulties in sourcing consoles, particularly 
PlayStation® and PlayStation®2 consoles. The results of the variability testing will help to 
establish the certainty with which the power measurements for each model can be used. 
Samples of PlayStation® consoles were sourced from Sony’s retail returns stocks, while the 
PlayStation®2 and PlayStation®3 consoles were sourced from Sony’s repair centres, where 
broken consoles returned by the consumer are refurbished. Refurbished units contain the 
same components as the original console sold through retail so the power consumption is 
representative of those sold at the time of manufacture (Chudomel, 2012b). When testing 
the PlayStation® SCPH-102 consoles, the power lead supplied with the console was used in 
each case as this has an external power supply, which depending on its operating efficiency 
can affect the overall console power consumption. In the case of the PlayStation®2 SCPH-
50000 and PlayStation®3 CECHG models tested this was not necessary as they have internal 
power supplies, so the potential difference in operating efficiency of the power supply is 
already accounted for. 
The test procedure described above in Section 3.4.2 was used for the variability testing. In 
total, variability testing was conducted on 90 consoles, each tested in two modes. With each 
test taking 20 minutes (15 minutes settling time and 5 minutes testing time) which equates 
to 60 hours of testing. To establish whether 15 minutes of settling time was necessary, a 
comparison was made of results collected after a 15-minute and a 5-minute settling period 
on the PlayStation®3 CECH-3000A model. This shows a maximum difference of 0.5 W, or a 
maximum of ± 0.7%, between measurements taken after 5 minutes settling and 15 minutes 
settling (Table 3.4). It is also stated in the IEC 62301 standard that a settling period of 5 
minutes is sufficient if the power level does not drift by more than 5% from the maximum 
value observed. In navigation mode, the power consumption was shown to drift by up to 2% 
for PlayStation®3 consoles and up to 5% in media (CD) mode. 
Given that the measurements taken after a 5-minute settling period satisfied the 
requirements described above, the variability testing was conducted using a 5 minute 
settling period and a 5 minute testing period. Variability testing was conducted in media (CD) 
and navigation modes as these are available on all PlayStation® platforms and so can be 
compared. 
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Table 3.4 Power consumption values for CECH-3000A PlayStation®3 model when left to 
settle for 5 or 15 minutes before collecting measurements 
 Average Power Consumption (W)  
Function 
After 15 minutes 
stabilising 
After 5 minutes 
stabilising ±% 
Navigation 62.8 62.7 0.3% 
Media (CD) 70.0 69.8 0.2% 
Gaming (1080p) 79.1 79.0 0.1% 
Gaming (3D) 79.1 79.0 0.1% 
Media (DVD) 65.6 65.7 0.1% 
Media (Blu-ray) 69.1 69.6 0.7% 
3.6 Results 
This section presents the data collected for each PlayStation® platform. Following this, the 
power consumption measurements are used to estimate the cumulative electricity use of 
each PlayStation® platform in Europe. 
3.6.1 Power consumption testing 
The following three subsections report the power consumption measurements taken on 
each model of the three PlayStation® platforms. 
3.6.1.1 PlayStation®  
The power consumption values measured for each sample unit of PlayStation® model are 
summarised in Table 3.5. The mean value represents the mathematical mean of all power 
consumption measurements taken at 5-second intervals over the 5-minute test period. The 
minimum and maximum values show the range in power consumption measured over the 5-
minute test period. 
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Table 3.5 Power consumption per mode for each model of PlayStation® console 
 Power Consumption (W) 
 Standby Other functions/ navigation 
Model Minimum Mean Maximum Minimum Mean Maximum 
SCPH-1000 2.2 2.2 2.3 7.6 7.6 7.7 
SCPH-5500 1.1 1.2 1.2 5.7 5.9 6.3 
SCPH-7000 1.1 1.1 1.2 5.6 5.6 5.7 
SCPH-7500 1.1 1.1 1.2 5.4 5.4 5.5 
SCPH-9000 0.5 0.5 0.6 5.1 5.1 5.2 
SCPH-102 0.4 1.1 1.2 5.0 5.0 5.1 
 Media (CD) Gaming 
Model Minimum Mean Maximum Minimum Mean Maximum 
SCPH-1000 7.9 8.7 9.0 8.4 8.9 11.0 
SCPH-5500 6.6 6.9 7.2 6.6 7.1 11.0 
SCPH-7000 6.5 6.8 7.1 6.5 7.0 10.7 
SCPH-7500 6.3 6.5 6.9 6.0 6.7 10.4 
SCPH-9000 5.4 6.1 6.5 5.9 6.3 9.3 
SCPH-102 5.8 6.0 6.5 5.9 6.4 9.9 
The results show that, over the lifetime of the product from launch in 1995 to the final model 
released in 2000, the power consumption decreased in all modes. The power consumption 
of PlayStation® consoles in other functions/navigation mode decreased consistently over the 
product lifetime by 2.6 W from 7.6 W at launch. Similarly, the power consumption in media 
mode decreased by 2.7 W from 8.7 W at launch. Power consumption in gaming mode 
decreased by 2.5 W over the product lifetime, from 8.9 W to 6.4 W, however the 100 model 
measured slightly higher power consumption than its predecessor the 9000 (6.4 W versus 
6.3 W). This discrepancy could be caused by natural variability between units (see Section 
3.6.2 for the results of the variability testing) and differences in the processing required by 
the game. PSS Soccer was used to test gaming power on PlayStation® consoles; although 
exactly the same match was played each time, it is impossible to control every kick and goal 
in the match, which could lead to variable processing demands on the CPU and GPU. Standby 
mode shows a lower gross reduction in power consumption of 1.1 W (from 2.2 W); however, 
this is equivalent to a 50% reduction. Two thirds of the total reduction in power consumption 
for other functions/navigation, media and gaming modes occurred between the launch 
model (1000) and 5500 model, shown in Figure 3.1. Subsequent models were responsible for 
the final third of the reduction in power consumption, with values decreasing gradually over 
the remainder of the product lifetime. The data also show that gaming requires the most 
power on each PlayStation® model, with media mode between 0.2 W and 0.4 W lower. One 
anomaly in the data collected is the standby power consumption of the 9000 model at 0.5 
W. This standby measurement is 0.6 W lower than both its predecessor and its successor. To 
establish whether this was a testing anomaly or simply a characteristic of this model, another 
9000 unit and another 100 unit were tested. The standby power consumption measurements 
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for these units were 0.7 W and 1.1 W respectively, supporting the original measurements. 
The values in Table 3.5 will be used in the analysis. 
 
Figure 3.1 Graphical summary of the power consumption by mode for each PlayStation® 
model 
Figure 3.2 shows a time series of measurements taken in each mode on the PlayStation® 
7000 model console. The 7000 model results are shown as the power consumption profile 
seen in Figure 3.2 is similar for all models of PlayStation® console tested (see Appendix 1-
Appendix 6 for other PlayStation® console results). This clearly shows that gaming mode is 
the most variable with peaks registered at over 10.7 W versus the 7 W average. Media power 
consumption also exhibits some variability but to a much lesser extent with the maximum 
and minimum measurements varying by just 0.6 W between 6.5 W and 7.1 W. In contrast, 
measurements in standby and other functions/navigation modes are shown to be extremely 
consistent with a maximum range of 0.1 W. Other functions/navigation mode power 
consumption on PlayStation® consoles is between 14% and 21% lower than active gaming 
and shows little variation, while standby power consumption is substantially lower than 
gaming power consumption (between 75% and 92%), also showing very little variation during 
the test period. 
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Figure 3.2 Chart showing the power consumption measurements taken over the 5-minute test period for the PlayStation® SCPH-7000 model 
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3.6.1.2 PlayStation®2 
Power consumption data collected for each model of PlayStation®2 are shown in Table 3.6. 
Similar to the trend seen for PlayStation® consoles described above, the power consumption 
decreased by between 60% and 72% in all modes for PlayStation®2 models sold between 
2000 and 2007. Particularly noticeable is the decrease in power consumption between the 
SCPH-50000 and SCPH-70000 models (of between 8.1 W and 9.6 W in active modes), which 
coincides with the release of the slim-line version of the console. The slim-line version of the 
console is considerably smaller than the launch model following significant hardware 
improvements, including the switch from an internal to an external power supply, which 
allowed the size of the console to decrease significantly. Interestingly the magnitude of the 
reduction in gaming power consumption of PlayStation®2 consoles is over double that 
compared to PlayStation® consoles, 65% versus 30%, over the respective lifetimes. One 
anomaly in the data collected for PlayStation®2 is the standby mode power consumption 
recorded for the SCPH-50000 model, 2.1 W, the highest recorded for all PlayStation®2 
models tested. To establish whether this is simply an anomaly, another SCPH-50000 model 
was tested in standby mode, which measured 3.4 W. The cause of the relatively high standby 
power consumption is unknown. Except for standby, the power consumption in all other 
modes on the SCPH-50000 model decreased over the product lifetime. 
The measurements taken on the SCPH-75000 PlayStation®2 are shown in Figure 3.3 as a time 
series for each mode tested. The results for the SCPH-75000 model are shown as the power 
consumption profile is similar for all PlayStation®2 models tested (see Appendix 7 to 
Appendix 14 for the time series results for each PlayStation®2 model). Similar to PlayStation® 
consoles, gaming mode requires the most power on all PlayStation®2 models and is the most 
variable with peaks in power consumption of between 13% and 28% of the mean power 
consumption. Playing a DVD requires between 5% and 15% less power than gaming, and 
playing an audio CD between 13% and 19% less. Other functions/navigation and standby 
modes show very consistent values over the five minute measurement period with power 
consumption between 20% and 31% and 93% and 98% lower than gaming respectively. 
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Table 3.6 Power consumption per mode for each model of PlayStation®2 console 
 Power Consumption (W) 
 Standby Other functions/navigation 
Model Minimum Mean Maximum Minimum Mean Maximum 
SCPH-30003C 1.8 1.8 1.9 30.2 30.3 30.5 
SCPH-30003F 1.0 1.5 1.2 28.0 28.1 28.4 
SCPH-39000 1.5 1.6 1.6 24.3 24.4 24.6 
SCPH-50000 2.1 2.1 2.2 22.6 22.7 22.9 
SCPH-70000 1.1 1.2 1.3 14.1 14.4 14.6 
SCPH-75000 0.7 0.8 0.8 15.6 15.7 15.8 
SCPH-77000 0.4 0.4 0.5 15.7 15.8 15.9 
SCPH-79000 0.4 0.5 0.5 11.3 11.3 11.5 
SCPH-90000 0.5 0.5 0.6 10.7 10.7 10.9 
 Power Consumption (W) 
 Media (CD) Media (DVD) 
Model Minimum Mean Maximum Minimum Mean Maximum 
SCPH-30003C 32.0 32.4 33.2 35.2 36.0 36.6 
SCPH-30003F 30.6 31.2 32.5 34.1 34.7 35.3 
SCPH-39000 25.9 26.4 27.2 29.1 29.7 30.6 
SCPH-50000 24.0 24.5 25.3 25.6 26.2 26.5 
SCPH-70000 16.0 16.4 16.8 17.2 17.5 17.7 
SCPH-75000 17.3 17.7 18.2 16.6 18.6 18.9 
SCPH-77000 16.1 17.7 18.0 18.2 18.5 18.7 
SCPH-79000 13.1 13.2 13.4 13.7 13.9 14.0 
SCPH-90000 11.8 11.8 11.9 12.7 12.8 13.0 
 Power Consumption (W)    
 Gaming    
Model Minimum Mean Maximum    
SCPH-30003C 36.1 38.0 48.8    
SCPH-30003F 35.6 37.1 43.7    
SCPH-39000 30.9 32.4 40.3    
SCPH-50000 28.3 29.0 34.5    
SCPH-70000 18.9 19.4 23.9    
SCPH-75000 19.8 20.4 25.1    
SCPH-77000 19.6 20.6 25.4    
SCPH-79000 15.8 16.4 18.5    
SCPH-90000 14.0 14.6 17.3   
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Figure 3.3 Chart showing the power consumption measurements taken over the 5-minute test period for the PlayStation®2 SCPH-75000 model
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3.6.1.3 PlayStation®3 
The results of the power consumption testing for PlayStation®3 models are shown in Table 
3.7. 
Table 3.7 Power consumption per mode for each model of PlayStation®3 console 
 Power consumption (W) 
 Standby Networked Standby 
Model Minimum Mean Maximum Minimum Mean Maximum 
CECHC 1.4 1.8 2.1 16.6 16.6 16.7 
CECHG 0.8 1.8 1.9 16.1 16.1 16.2 
CECHH 1.4 1.5 1.8 15.7 15.8 15.9 
CECHK 0.1 1.4 1.6 14.9 15.0 15.2 
CECHL 1.3 1.4 1.6 11.0 11.1 11.3 
CECH-2000A 0.3 0.4 0.7 7.6 8.7 9.8 
CECH-2100A 0.3 0.3 0.4 8.6 8.6 8.7 
CECH-2500A 0.2 0.3 0.4 7.6 7.7 7.7 
CECH-3000A 0.2 0.3 0.3 8.9 9.0 9.1 
CECH-4000A 0.2 0.3 0.3 9.2 9.3 9.4 
CECH-4000C 0.2 0.3 0.4 8.3 8.5 8.6 
 Power consumption (W) 
 Other functions/navigation Media (CD) 
Model Minimum Mean Maximum Minimum Mean Maximum 
CECHC 171.3 172.0 173.1 168.4 170.3 174.3 
CECHG 128.5 129.1 129.7 126.7 128.2 130.9 
CECHH 123.3 123.8 124.6 121.3 123.1 126.3 
CECHK 115.1 115.8 116.5 113.5 115.2 118.4 
CECHL 108.2 108.7 109.3 107.8 108.9 112.8 
CECH-2000A 80.8 81.2 81.6 80.0 81.4 83.2 
CECH-2100A 66.8 67.0 69.3 71.9 72.9 75.4 
CECH-2500A 70.0 70.2 70.6 70.3 71.2 73.3 
CECH-3000A 62.7 62.8 63.7 69.0 70.0 72.2 
CECH-4000A 64.6 64.8 65.1 65.2 66.1 68.0 
CECH-4000C 67.2 67.6 67.9 67.9 68.8 71.1 
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Power consumption (W) 
Media (DVD) Media (Blu-ray) 
Model Minimum Mean Maximum Minimum Mean Maximum 
CECHC 155.7 156.5 157.4 164.8 167.6 170.7 
CECHG 116.6 117.3 118.1 120.3 122.1 123.9 
CECHH 107.7 108.6 109.3 117.3 119.9 122.4 
CECHK 105.4 105.9 106.5 111.4 113.4 116.3 
CECHL 100.6 101.2 101.9 107.3 109.5 111.3 
CECH-2000A 72.2 72.8 73.4 76.8 78.1 80.0 
CECH-2100A 68.3 68.8 69.5 71.9 73.5 75.2 
CECH-2500A 67.1 67.6 68.4 71.1 72.5 73.7 
CECH-3000A 65.1 65.6 66.4 67.6 69.1 70.3 
CECH-4000A 61.4 61.8 62.3 65.5 67.0 68.8 
CECH-4000C 63.3 64.1 65.2 66.5 68.1 69.4 
 Power consumption (W) 
 Media (streaming) Gaming (720p) 
Model Minimum Mean Maximum Minimum Mean Maximum 
CECHC 157.9 162.0 165.9 178.3 182.5 193.5 
CECHG 116.4 119.7 122.7 134.0 137.9 148.8 
CECHH 109.5 112.5 114.8 125.7 133.0 142.7 
CECHK 106.0 108.4 112.2 119.2 125.3 137.5 
CECHL 99.5 102.8 106.3 117.1 120.4 131.0 
CECH-2000A 72.5 73.9 76.2 85.8 89.0 100.4 
CECH-2100A 68.2 69.6 72.4 76.3 80.5 90.0 
CECH-2500A 66.6 68.3 70.4 76.4 79.5 89.0 
CECH-3000A 63.8 64.6 66.5 72.0 75.7 81.5 
CECH-4000A 61.7 63.0 64.8 68.9 71.3 79.1 
CECH-4000C 65.3 66.4 68.6 73.6 75.9 88.4 
 Power consumption (W) 
 Gaming (1080i) Gaming (1080p) 
Model Minimum Mean Maximum Minimum Mean Maximum 
CECHC 189.6 197.8 203.0 189.9 198.2 202.7 
CECHG 138.6 150.7 154.1 144.3 151.4 155.0 
CECHH 132.0 140.4 149.6 137.3 144.8 150.0 
CECHK 127.7 132.6 137.4 123.4 134.5 138.7 
CECHL 120.7 126.8 131.8 115.9 127.7 131.6 
CECH-2000A 90.8 95.2 100.6 91.9 96.7 100.2 
CECH-2100A 80.2 83.1 85.7 80.2 82.6 85.5 
CECH-2500A 78.4 81.4 85.7 80.5 82.8 88.0 
CECH-3000A 76.8 79.0 81.8 76.8 79.1 82.7 
CECH-4000A 71.1 74.0 75.6 72.0 75.3 79.0 
CECH-4000C 76.6 78.9 81.6 76.6 78.9 81.3 
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 Power consumption (W)    
 Gaming (3D)    
Model Minimum Mean Maximum    
CECHC 190.1 198.1 203.5    
CECHG 145.3 151.1 154.9    
CECHH 137.3 144.3 149.4    
CECHK 128.0 133.5 137.6    
CECHL 122.0 127.9 131.7    
CECH-2000A 86.6 93.6 98.7    
CECH-2100A 82.3 84.5 87.9    
CECH-2500A 80.0 82.7 85.9    
CECH-3000A 76.9 79.1 82.4    
CECH-4000A 72.8 75.2 78.1    
CECH-4000C 76.5 78.7 81.1   
 
PlayStation®3 has more functions available compared to earlier platforms, with testing 
conducted in eleven modes versus five for PlayStation®2 and four for PlayStation® consoles. 
Most notable is the availability of four different graphics settings for gaming ranging from 
720p to 3D. An explanation of the different graphics settings is given in Box 3.1. As with both 
PlayStation® and PlayStation®2 consoles, the power consumption in gaming mode requires 
the most power, between 75.7 W and 198.2 W on average, depending on the combination 
of graphics setting and model. Another similarity between PlayStation®2 and PlayStation®3 
consoles is the significant drop in power consumption seen between the original chassis 
design and the slim version released in 2009 (models CECHL and CECH-2000A), with power 
consumption falling by around 30 W across all active modes (Table 3.7). For example, the 
power consumption when playing a DVD fell from 101.2 W to 72.8 W. Accompanying the 
reduction in power consumption, the weight and volume of the console was reduced by over 
30% (Sony Computer Entertainment Incorporated, 2009). In terms of power consumption, 
the cosmetic changes occurred alongside significant hardware improvements including 
smaller and more integrated components, which improved efficiency, as there are fewer 
opportunities for losses as electricity travels between the components and circuits. More 
specifically, over the lifetime of PlayStation®3 the CPU and GPU have been improved to take 
advantage of die shrink. Die shrink is the process whereby manufacturers migrate an existing 
microarchitecture design onto a smaller process technology. The process of die shrink is 
related to the ability to fit an increasing number of components onto a single die. As stated 
by Koomey et al. (2011), “the driving factor for power reduction was (and is) the push to 
reduce the physical dimensions of transistors, which reduces cost per transistor”. A more 
detailed description of die shrink can be found in Section 4.4.6. The PlayStation®3 CPU, the 
Cell Broadband Engine, was 90 nm at launch (IBM, 2007), which has subsequently shrunk to 
45 nm (Takahashi et al., 2008). The magnitude of the power reduction seen over the lifetime 
of PlayStation®3 to date is similar to that seen for PlayStation®2, with a reduction in 1080p 
gaming power of 60% from 198.2 W to 78.9 W. The physical appearance of the PlayStation®3 
has been further changed with an even smaller console launched in 2012, the CECH-4000C/ 
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CECH-4000A. This new model has up to 500 GB of Hard Disk Drive (HDD) storage, the largest 
internal memory supplied for any PlayStation® platform at that time (Sony Computer 
Entertainment Incorporated, 2012). The even smaller model, however, has not resulted in a 
drop in power consumption comparable to that seen between the launch and “slim” models. 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Box 3.1 Graphics settings 
The output resolution of a screen is determined by the number of pixels or lines displayed on 
the television screen, expressed as width x height (Which?, 2013). At present, the highest 
screen resolution available is 1920X1080, often termed Full HD. PlayStation®3 consoles support 
the following high definition resolutions (TV, 2013): 
720p: This is composed of 720 horizontal lines, each composed of 1280 pixels giving a resolution 
of 1280x720 (921,600 pixels). The p indicates progressive scan, where the horizontal lines are 
drawn in order: i.e. 1, 2, 3 etc. At 60 Hz this means that every horizontal line is drawn 60 times 
per second. This appears sharper than an interlaced display (described below). 
1080i: This is composed of 1080 horizontal lines each composed of 1920 pixels giving a 
resolution of 1920x1080 (2,073,600 pixels), 2.25 times the resolution of 720p. The i indicates 
interlaced, where the display draws every other horizontal line and then goes back to draw the 
remaining lines: i.e. 1,3,5 etc. followed by 2,4,6 etc. For a TV operating at 60 Hz this means each 
horizontal line is redrawn 30 times per second. 
1080p: As for 1080i above, this is composed of 1080 horizontal lines each composed of 1920 
pixels. The resolution is, therefore, the same as 1080i although the picture is sharper due to 
the progressive scan. Content at this resolution is mainly found in pre-packaged media such as 
DVDs and Blu-rays, although some broadcasters are beginning use this resolution. 
3D: Some games can also be played in 3D with an appropriate monitor or screen. The 3D 
content used in this research is Active 3D, i.e. glasses are worn that contain shutters that open 
and shut in sync with the images being displayed on the TV (Richmond, 2011). This is the basis 
of 3D – two different images are displayed, one for the right eye and one for the left eye. 3D 
content is delivered in high definition only to screens that support this technology. 
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There are three anomalies in the power consumption data collected for PlayStation®3: 
 Networked Standby power consumption – between models CECHC to CECH-2500A 
the power consumption in networked standby steadily decreases, however, models 
CECH-3000A and CECH-4000C have higher power consumption in networked 
standby than the CECH-2500A, 9 W and 8.5 W versus 7.7 W, despite being later 
versions of the console; 
 Other functions/navigation mode power consumption – from the launch of 
PlayStation®3 to the model launched in September 2012, the power consumption in 
other functions/navigation mode decreased by almost 105 W from 172 W to 67.6 W. 
For the early models, CECHC to CECHL, the power consumption in other 
functions/navigation mode decreased steadily. As stated above, the launch of the 
first “slim” model (CECH-2000A) resulted in a more significant decrease of around 30 
W. However, models launched after this do not show consistent decreases in power 
consumption but rather vary between 67 W (CECH-2100A) and 70.2 W (CECH-
2500A); and 
 Difference in power consumption between CECH-4000A and CECH-4000C models – 
although released within two weeks of one another, the power consumption of the 
CECH-4000C PlayStation®3 model is up to 5 W higher in some modes than the CECH-
4000A model. The main difference between these two consoles is the type and size 
of memory; the CECH-4000A has 12 GB of flash memory, whereas the CECH-4000C 
has a 500 GB HDD (Sony Computer Entertainment Incorporated, 2012). The different 
memory specifications are likely to cause at least some of the difference in power 
consumption of these two models. HDDs are known to require between 1.5 W and 
1.7 W in read/write and seek states (Toshiba, Toshiba, 2010), power that the CECH-
4000A will not require. As the CECH-4000A is the only PlayStation®3 model without 
a HDD, and without sales data split for the two models that were launched at the 
same time, only the measurements for the CECH-4000C will be considered further in 
this analysis. 
In contrast to the measurements taken on PlayStation® and PlayStation®2 consoles, the 
relative power consumption in different modes varies between the different PlayStation®3 
models. Other functions/navigation mode power consumption is the most variable 
compared to other modes. For the majority of PlayStation®3 models, other 
functions/navigation mode power consumption is similar to Blu-ray and CD media modes. 
Figure 3.4 shows the time series of power consumption measurements for the CECH-2000A 
model, which has similar results to the other PlayStation®3 models except for the CECH-
2100A and the CECH-3000A. Figure 3.5 shows an expanded view of the CECH-2000A model 
power consumption in other functions/navigation, Blu-ray and CD media modes, which vary 
by up to 3.3 W. In contrast, the CECH-2100A and CECH-3000A other functions/navigation 
mode power consumption is closer to power consumption measurements in DVD and 
streaming media modes with the average power consumption in these modes varying by up 
to 2.7 W. This can be seen in Figure 3.6, a time series of the power measurements taken on 
the CECH-2100A model. The results for all PlayStation®3 consoles tested can be found in 
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Appendix 15 to Appendix 24. Other than the difference in other functions/navigation power 
consumption relative to other modes, the power consumption profiles of PlayStation®3 
models are similar. For all models, gaming power consumption is the highest power mode in 
all cases, as for PlayStation® and PlayStation®2 consoles. It does, however, vary as to which 
gaming setting requires the most power on each model. For instance, studying Table 3.7 
shows that the highest power mode for PlayStation®3 models is one of gaming (1080p), 
gaming (1080i) and gaming (3D) with the difference between these modes varying by 
between 0.1 W and 4.4 W (or 0.1% - 3.2% of the average gaming value). Below the gaming 
power consumption measurements are CD and Blu-ray media modes, with other 
functions/navigation in some cases (as described above). These power values are around 
11% and 15% and 15% and 19% lower respectively than the mean gaming mode power 
consumption for each PlayStation®3 model. Below these modes are streaming and DVD 
media modes with other functions/navigation mode in some cases. The power consumption 
in these modes is between 17% and 24% and 16% and 23% lower respectively than the mean 
gaming power consumption. Finally, standby and networked standby modes are shown to 
be the lowest power consuming modes at between 99% and 100% and 89% and 92% lower 
than the mean gaming mode power consumption respectively. 
Similar to the PlayStation® and PlayStation®2 consoles, the power consumption of 
PlayStation®3 models in gaming modes is the most variable; the gaming power consumption 
measured for the CECH-2000A model varies by up to 16% from the mean (Figure 3.5). Other 
modes show more consistent power consumption over the measurement period with CD 
and Blu-ray media values varying by just 4% from the mean. 
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Figure 3.4 Graph showing the power consumption measurements taken over a 5-minute test period for the PlayStation®3 model CECH-2000A 
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Figure 3.5 Expanded view of the PlayStation ®3 CECH-2000A power consumption above 70 W 
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Figure 3.6 Expanded view of the PlayStation ®3 CECH-2100A power consumption above 65 W
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3.6.2 Variability Testing  
As described in Section 3.5, simply using the results from one sample unit of each model is 
not enough to draw solid conclusions about the power consumption of consoles. As such, 
thirty units of one model of each PlayStation® platform were tested to establish what 
variability, if any, existed between units of the same model. Testing was conducted in 
navigation and media (CD) modes, as these are available on all PlayStation® platforms, 
according to the procedure detailed in Section 3.4.2. The results of this variability testing for 
each platform are presented below and are considered in the sensitivity analysis discussed 
in Section 3.9. 
3.6.2.1 PlayStation® Variability 
The SCPH-102 model of PlayStation® was tested to establish the variability in power 
consumption between units. This model was selected for the variability testing due to the 
availability of this model. The results of this testing are shown in Figure 3.7. 
 
Figure 3.7 Results of variability testing for PlayStation® SCPH-102 with original testing 
results included for reference 
The results of the variability testing conducted on the PlayStation® SCPH-102 models shows 
that there is very little variation in navigation mode power consumption; all measurements 
were between 3.6 W and 3.8 W, or within 5% of one another. Measurements taken in media 
(CD) mode show more variation, with values measured between 4.4 W and 5.3 W, or within 
15% of each other. These values are below the range of original measurements taken where 
navigation and media (CD) mode power consumption is 5 W and 6 W respectively, versus the 
averages of the variability testing that are 3.7 W and 4.7 W respectively. Although the original 
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power consumption measurements are up to 30% higher than the maximum recorded 
variability testing measurements, the values themselves are very small when considering the 
power consumption of PlayStation®3 consoles for instance. As such, in terms of total 
electricity use, differences of around 1 W are unlikely to have a significant impact. The 
difference in power consumption between the original unit tested and the units used for 
variability testing could be caused by natural variability between the operating efficiency of 
components such as the power supply. 
3.6.2.2 PlayStation®2 Variability  
Thirty PlayStation®2 SCPH-50000 models were tested to establish the variability in power 
consumption between units. This model was tested due to availability of sample products. 
The results of this testing are shown in Figure 3.8. 
 
Figure 3.8 Variability testing results for PlayStation®2 SCPH-50000 with original testing 
results included for reference 
These measurements suggest that there are two distinct populations of this PlayStation®2 
model: the first with power consumption between 26.2 W and 28.6 W and the second with 
power consumption between 22.2 W and 25.2 W. The measurements for the original unit 
tested lie within the lower range (22.2 W and 25.2 W) which make up over two thirds of the 
consoles tested (21 of the 30 consoles tested). The average power consumption for this 
lower grouping compared to the original unit tested is very close (navigation mode 22.8 W 
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measurements within both populations, however, are very consistent with the maximum 
and minimum values recorded only differing by a maximum of 1.5 W. In the case of 
PlayStaton®2 consoles, SCEE has advised that there were two different manufacturers, 
Foxconn and ASUS (Chudomel, 2012a); this could be the cause of the difference in power 
consumption between the units tested as they may be using a different combination of 
components. 
3.6.2.3 PlayStation®3 Variability 
Due to availability of samples of the CECHG model of PlayStation®3, thirty units of this model 
were tested to establish the variability in power consumption between units. The results of 
this testing are shown in Figure 3.9. 
 
Figure 3.9 Variability testing results for PlayStation®3 CECHG with original testing results 
included for reference 
The measurements taken for the PlayStation®3 vary by up to 40 W between different units 
of the same model in navigation mode. The difference in power consumption between units 
of PlayStation®3 CECHG models is much greater than for PlayStation®2 consoles tested; in 
navigation and media (CD) modes the PlayStation®2 consoles varied by 5.1 W, or around 20% 
of the mean measurements. The PlayStation®3 consoles varied by 37 W and 30.2 W in 
navigation and media (CD) modes, which is a difference of up to 30% of the mean 
measurements. Of the thirty PlayStation®3 units tested, the power consumption in 
navigation mode of five units was higher than media (CD) mode; all units of PlayStation® and 
PlayStation®2 consoles measured higher power consumption for media (CD) mode 
compared to navigation mode. The difference between the power consumption in media 
(CD) and navigation modes for four of the five PlayStation®3 units was 0.9 W or less. The fifth 
unit showed a greater difference in power consumption between media (CD) and navigation 
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modes of 2.2 W. The power consumption measurements of the original CECHG unit tested 
(129.1 W for navigation and 128.2 W for media (CD)) fall within the range of the variability 
testing results and, as such, will be used in calculating the electricity use of consoles with 
possible variability between units considered in the sensitivity analysis. 
The results of the variability testing show that measuring the power consumption of only one 
sample unit is unlikely to be representative of the population of consoles in use. However, 
of the larger samples tested, the original measurements are shown to fall within the range 
of the variability testing measurements. To account for the likely variability in power 
consumption between units of the same model, sensitivity analysis considers that power 
consumption may vary by up to ±15% from the mean value recorded. Section 3.9 gives full 
details and results of the sensitivity analysis. 
3.7 Electricity Use Calculations 
The results of the power consumption testing described above are used to calculate an 
electricity use estimate for each model of PlayStation® platform sold in Europe since 1995. 
Typical Electricity Consumption (TEC) methodology is used, as described in Section 3.4. The 
assumptions and data used for each generation of console platform are discussed below. 
3.7.1 Usage 
The usage profile used for calculating the electricity use estimates for PlayStation® and 
PlayStation®2 consoles is based on that developed in Chapter 2 for HD consoles (Table 2.27 
). The electricity use calculations in this chapter only concern PlayStation®3 consoles, 
whereas the usage estimates in Chapter 2 are an average for XBOX 360 and PlayStation®3 
consoles. As such, the usage profile used in this chapter is an adapted version of that 
developed in Chapter 2 to reflect the usage of PlayStation®3 consoles only. The estimate of 
the time HD consoles spend switched on, 1.9 hours/day, is an average for Xbox 360 and 
PlayStation®3 consoles. Confidential data was used to verify the accuracy of these estimates. 
As shown in Table 2.11, separate estimates are available for PlayStation®3 consoles, which 
suggest that PlayStation®3 consoles are switched on for 1.7 hours/day. The total time a 
console spends switched on is split between modes also using PlayStation®3 specific data. 
Studying the Nielsen data for 2010-2012 shows that PlayStation®3 consoles consistently 
spend more time playing media (43% versus 28% for the Xbox 360), whereas the Xbox 360 is 
dominated by time spent gaming (65% versus 50% for the PlayStation®3) (Nielsen, 2010, 
Nielsen, 2011b, Nielsen, 2013b). The average reported values for the proportion of time 
spent using different functions on HD consoles are shown in Table 3.8. The average values 
for PlayStation®3 in Table 3.8 are used to calculate the time spent in each mode. 
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Table 3.8 Average share of total on time between modes for HD consoles (Nielsen, 2010, 
Nielsen, 2011b, Nielsen, 2013b) 
 Average contribution to total 
on time 
Mode PlayStation®3  Xbox 360 
Gaming1 50% 65% 
Media2 43% 28% 
Other3 8% 7% 
TOTAL 100% 100% 
1 Gaming accounts for the time spent gaming online and offline. Although PlayStation® and early PlayStation®2 
consoles were not able to connect to the Internet, the time spent gaming is not altered as this is the consoles 
primary function 
2 Media accounts for the time spent watching on-demand/streaming services, watching DVDs and Blu-rays and 
watching downloaded movies and TV shows 
3 Other accounts for all other functions including listening to music and browsing the Internet 
As already stated, PlayStation® and PlayStation®2 consoles do not have the same range of 
functions as PlayStation®3 consoles. Data available for the usage of previous generation 
PlayStation® platforms is limited. Data from 1998 suggests that consoles were used for 1 
hour/day and switched off for the remaining 23 hours/day (Sanchez et al., 1998). In 2001, 
based on existing survey research it was estimated that consoles were used for 0.5 hours/day 
and in spent the remaining 23.5 hours/day in standby mode (Rosen et al., 2001). It is not 
clear which consoles are included in these studies. Later studies report data specifically for 
PlayStation®2 consoles that estimate the total on time to be between 2.3 hours/day and 2.6 
hours/day (TIAX, 2007, Nielsen, 2009) based on a mix of survey data and metered data. Given 
the limited data available for PlayStation® and PlayStation®2 consoles, the usage profile 
derived for PlayStation®3 consoles is adjusted; any usage attributed to a function unavailable 
on a particular console is removed from the usage profile. For instance, PlayStation® consoles 
do not have DVD, Blu-ray or media streaming capabilities, however they can play audio discs. 
For PlayStation® consoles, the time spent playing media has been removed from the usage 
estimates, with audio playback accounted for in other functions/navigation, as it was only a 
minor feature of PlayStation®. This results in an estimated on time for PlayStation® consoles 
of 1 hour/day. It is assumed that the time spent playing media content on PlayStation®2 
consoles is half that of PlayStation®3 consoles. PlayStation®3 consoles are able to stream 
media, including TV shows through services such as BBC iPlayer with consoles responsible 
for 1 in 8 views in 2010 (Clover, 2010) and play Blu-ray discs whereas PlayStation®2 consoles 
can only play DVDs. This gives an estimate for PlayStation®2 usage of 1.4 hours/day. 
A summary of the usage data employed in calculating the electricity use estimates for each 
console platform is shown in Table 3.9. Given the uncertainty around usage estimates for 
games consoles, sensitivity analysis considers a range in usage time of ±50% around the 
mean estimates. 
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Table 3.9 Summary of usage estimates for each PlayStation® platform 
 Time spent in each mode (hours/day) 
Mode PlayStation® PlayStation®2 PlayStation®3 
Gaming 0.9 0.9 0.9 
Media 0.0 0.4 0.7 
Other functions/ 
navigation 0.1 0.1 0.1 
Total on time 1.0 1.4 1.7 
Standby 23.0 22.6 17.6 
Networked Standby 0.0 0.0 4.6 
Total 24.0 24.0 24.0 
The following assumptions are made in relation to console usage: 
 Usage time does not change over the lifetime of each generation – as discussed, 
consoles are improved over the lifetime of each generation, both in terms of 
software and hardware, that sometimes results in the addition of new functionality 
and features (Sony, 2012a). For example, BBC iPlayer was added to PlayStation®3 
and Wii consoles in 2010, which accounted for 1 in 8 views in late 2009 (Clover, 
2010). It is debated that this could change the usage of a console and lead to an 
increase in usage. As discussed in Chapter 2, metered data suggest that total on time 
has fluctuated over time between 1.1 hours/day and 2.5 hours/day for PlayStation®3 
consoles. However, there is no clear trend for increased usage over time. As such, 
usage times for each PlayStation® platform are assumed to remain the same over 
the product lifetime; 
 The number of users per console does not change over time – in the previous 
chapter the concept of multiple users per console was discussed, with the average 
number of users per PlayStation®3 console reported at 1.7 in the GameVision 
Autumn reports between 2009 and 2011 (GameVision, 2009, GameVision, 2010a, 
GameVision, 2011a); and 
 30% of the time a console spends switched on is inactive – as discussed in the 
previous chapter, estimates of the time a console spends switched on but inactive 
are unreliable and uncertain. The figure of 30% is used in this analysis. This will not 
have any effect on the resulting electricity use estimates as it is assumed that the 
power consumption when a console is inactive is the same as when it is active (see 
below). 
3.7.2 Power Consumption 
Following Typical Electricity Consumption (TEC) methodology, the estimates of time spent in 
each mode are multiplied by the power consumption of the console in that mode. The extent 
of the modes tested and available on current consoles exceeds those for which usage 
estimates are available. As such, in order to improve the accuracy of electricity use estimates, 
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as much of the measured power consumption data has been used as possible; for example, 
the gaming power consumption for PlayStation®3 consoles is the mean of measurements 
taken at 720p, 1080p and 1080i screen resolutions. The assumptions made, and the 
reasoning behind them, are listed below: 
 Gaming power consumption: for PlayStation®3 consoles, the game itself and the 
screen that the console is connected to determine the resolution at which a game is 
played. Gaming power consumption measurements for 720p screen resolutions 
were collected using Fifa ’12, which was chosen as it has a maximum resolution of 
720p and is a very popular game. Testing of the other active gaming settings (1080i, 
1080p and 3D) were all tested using MotorStorm Apocalypse. This game was chosen 
as it has 3D capability, something that very few PlayStation®3 games have. Gaming 
settings of 720p and 1080i was tested using a 26” HDReady Sony Bravia (model 
number KDL 26S2010), while 1080p and 3D settings were tested using a 24” 
PlayStation® 3D monitor. Gaming power consumption is calculated as a mean of 
720p, 1080i and 1080p measurements. 3D measurements are not included as 3D 
televisions account for less than a third of televisions on sale (Currys, 2013) and there 
are relatively few games available in this format. Only one graphics setting is 
available for gaming on PlayStation® and PlayStation®2 consoles, therefore, this 
value is used in calculating electricity use; 
 Media power consumption: PlayStation®3 consoles have numerous media modes 
available including CD, DVD, Blu-ray and streaming. The usage estimate for media 
use accounts for all of these modes, except playing a CD (included in other 
functions/navigation below) and so the mean of the power consumption 
measurements taken in media DVD, Blu-ray and streaming modes is used. For 
PlayStation®2 the measurements taken playing a DVD are used. Except for CD 
playback, considered below, PlayStation® consoles have no other media modes; 
 Power consumption in other functions/navigation: for all consoles tested, the 
power consumption in other functions/navigation is calculated as the mean of other 
functions/navigation and media (CD) modes measurements. The power 
consumption of Internet browsing, one of the functions run from the navigation 
menu on PlayStation®3 consoles was tested using the methodology described in 
Section 3.4.2 on a SCPH-2000A model that gave a value 0.4 W higher than that 
measured for navigation mode. For the PlayStation®3, it is assumed that the mean 
of navigation and media (CD) measured power consumption values are 
representative of the other functions, including text chat and photo viewer that all 
run from the navigation menu and have similar power consumption; 
 Power consumption while on but inactive within each mode is assumed to be the 
same as the active power consumption: both active and inactive power 
consumption measurements were taken on a sample unit of one model of 
PlayStation® platform for each mode included in the TEC calculation (Table 3.10). 
The measurements show that the power consumption varies very little whether 
being actively used or left inactive within a function, e.g. if the user has left a game 
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running but is no longer actively playing. The difference between active and inactive 
measurements for PlayStation®3 consoles is between 0.1 W and 3.1 W. For 
PlayStation® and PlayStation®2 consoles the difference is even smaller with a 
difference of up to 1 W for PlayStation® consoles and no recorded difference for 
PlayStation®2 consoles; and 
 Power consumption is the same for models with different sized hard drives: data 
sheets for various hard drives used in PlayStation®3 consoles, the only platform to 
have a hard drive, report read/write power consumption of between 1.4 W and 1.9 
W for hard drive sizes of between 250 GB and 500 GB (Toshiba, 2010, Hitachi, 2012, 
Toshiba). This accounts for between 0.7% and 2.6% of gaming power consumption 
depending on the model, but can be considered to have a minimal effect. 
Table 3.10 Power consumption in active and inactive states within each mode 
  Average Power Consumption per Function (W) 
Platform State CD Gaming DVD Blu-ray Internet 
PlayStation® 
(SCPH-9000) 
Active 6.1 6.3 - - - 
Inactive 5.1 6.3 - - - 
PlayStation®2 
(SCPH-90000) 
Active 13.2 16.4 13.9 - - 
Inactive 13.2 16.4 13.9 - - 
PlayStation®3 
(CECH-2000A) 
Active 81.4 89 72.8 78.1 81.6 
Inactive 84.5 92.1 72.7 76.2 82.0 
The power consumption values used to calculate the TEC for each console are summarised 
in Table 3.11. The measurements of gaming power consumption are also shown graphically 
in Figure 3.10. This shows that the hypothesis of increasing power consumption between 
product generations and the decreasing power consumption during the lifetime of each 
generation is true for PlayStation® platforms (Market Transformation Programme, 2012). 
The evolution of console power consumption over time has been described as a “saw-tooth” 
profile. Although a “saw-tooth” description does capture the increases and decreases in 
console power consumption to an extent, the teeth on a saw are of equal magnitude. As 
shown in Figure 3.11, the “teeth” representing console power consumption increase in size 
for each new product generation launched. The “saw-tooth” description does not accurately 
describe the evolution of console power consumption over time. 
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Table 3.11 Power consumption values used in calculating the TEC for each model of 
PlayStation® platform 
  Power consumption (W) 
Platform Model Gaming Media  Other 
functions/ 
navigation 
Standby Networked 
standby 
PlayStation® SCPH-1000 8.9 - 8.1 2.2 - 
 SCPH-5500 7.1 - 6.4 1.2 - 
 SCPH-7000 7.0 - 6.2 1.1 - 
 SCPH-7500 6.7 - 6.0 1.1 - 
 SCPH-9000 6.3 - 5.6 0.5 - 
 SCPH-102 6.4 - 5.5 1.1 - 
PlayStation®2 SCPH-30000 37.6 35.3 30.5 1.6 - 
 SCPH-39000 32.4 29.7 25.4 1.6 - 
 SCPH-50000 29.0 26.2 23.6 2.1 - 
 SCPH-70000 19.4 17.5 15.4 1.2 - 
 SCPH-75000 20.4 18.6 16.7 0.8 - 
 SCPH-77000 20.6 18.5 16.7 0.4 - 
 SCPH-79000 16.4 13.9 12.3 0.5 - 
 SCPH-90000 14.6 12.8 11.3 0.5 - 
PlayStation®3  CECHC 192.8 162.0 171.2 1.8 16.6 
 CECHG 146.7 119.7 128.6 1.8 16.1 
 CECHH 139.4 113.7 123.4 1.5 15.8 
 CECHK 130.8 109.3 115.5 1.4 15.0 
 CECHL 125.0 104.5 108.8 1.4 11.1 
 CECH-2000A 93.6 74.9 81.3 0.4 8.7 
 CECH-2100A 82.1 70.6 69.9 0.3 8.6 
 CECH-2500A 81.3 69.5 70.7 0.3 7.7 
 CECH-3000A 77.9 66.4 66.4 0.3 9.0 
 CECH-4000C 77.9 66.2 68.2 0.3 8.5 
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Figure 3.10 Gaming power consumption of each model of PlayStation® platform  
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3.7.3 Annual Electricity Use of Each Console Model 
Using the usage data in Table 3.9 and the power consumption values in Table 3.11, the 
annual electricity use of each model of PlayStation® platform is calculated. As an example, 
Table 3.12 details how the data is used to calculate electricity use for the PlayStation® SCPH-
1000 model, with the results of these calculations for all models shown in Table 3.13. The 
detailed electricity use calculations for each model of PlayStation® platform are shown in 
Appendix 25 to Appendix 48. This shows that the electricity use of each unit has increased 
between generations of PlayStation® products, but decreased during the lifetime of each 
platform. 
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Table 3.12 Detailed electricity use calculation for the PlayStation® SCPH-1000 
             
   Estimated share 
of on time 
Active Inactive Standby/Off   
 
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 8.9 2.0 0.3 8.9 0.8 - 2.8 
Other functions/ 
navigation 
0.1 1% 70% 30% 0.1 8.1 0.3 0.0 8.1 0.1 - 0.4 
Total ON 1.0 - - - - - 2.2 - - 1.0 - - 
Standby 23.0 96% - - - - - - - - 2.2 18.7 
TOTAL  24.0 100%          21.9 
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Table 3.13 Baseline electricity use estimates for each model of PlayStation® platform 
Platform Model Electricity Use 
(kWh/year) 
PlayStation® SCPH-1000 21.9 
 SCPH-5500 12.3 
 SCPH-7000 11.8 
 SCPH-7500 11.9 
 SCPH-9000 6.7 
  SCPH-102 11.7 
PlayStation®2 SCPH-30000 31.6 
 SCPH-39000 28.4 
 SCPH-50000 31.5 
 SCPH-70000 18.8 
 SCPH-75000 16.1 
 SCPH-77000 13.4 
 SCPH-79000 11.5 
  SCPH-90000 11.3 
PlayStation®3 CECHC 154.4 
 CECHG 125.3 
 CECHH 118.6 
 CECHK 111.9 
 CECHL 101.7 
 CECH-2000A 71.9 
 CECH-2100A 65.1 
 CECH-2500A 62.8 
 CECH-3000A 62.9 
 CECH-4000C 62.3 
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Figure 3.11 Chart to show the estimated annual electricity use of each model of PlayStation® platform
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In addition to considering total electricity use, it is also interesting to consider the 
contribution of each mode to the total electricity use of each model and how this has 
changed over time. Figure 3.12 shows that over time the contribution of standby electricity 
use has fallen significantly from around 85% to just 3%. This is due to newer consoles having 
considerably higher power consumption in active modes compared to standby mode power 
consumption. In addition, newer consoles are spending less time in standby as they are in 
use for longer, plus the fact that standby power consumption has fallen; the standby power 
consumption of the PlayStation®3 CECH-4000C is 0.3 W compared to 2.2 W for the 
PlayStation® SCPH-1000 console. In contrast, the contribution of gaming electricity use has 
doubled from an average of 19% for PlayStation® consoles to 38% for PlayStation®2 and 39% 
for PlayStation®3 consoles. Despite the significant increase of 190 W in gaming power 
consumption between the SCPH-1000 PlayStation® launch model (8.9 W) and the CECHC 
PlayStation®3 launch model (198 W), the contribution of gaming to total electricity 
consumption has only doubled. This is due to the addition of media functions to 
PlayStation®2 and PlayStation®3 consoles that account for between 15% and 30% of total 
electricity use respectively and the assumption that the time spent gaming is the same for 
each PlayStation® platform. The addition of a networked standby mode to PlayStation®3 
consoles has a significant impact, accounting for 21% of the total electricity use on average. 
This is due to the relatively high power consumption in networked standby, between 8.5 W 
and 16.6 W, which replaces the time spent in standby that has a much lower power 
consumption of between 0.3 W and 1.8 W. Figure 3.13 shows the electricity use of each 
model of PlayStation® platform and the contribution of each mode to the total. 
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Figure 3.12 Chart showing the percentage contribution of each mode to the annual electricity use of each model of PlayStation® platform 
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Figure 3.13 Chart showing the contribution of each mode to the annual electricity use of each model of PlayStation® platform
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3.7.4 Sales 
Monthly sales data has been taken from VGChartz (VGChartz, 2012d), a business intelligence 
and research firm publishing over 7,000 unique estimates per week relating to worldwide 
hardware and software sales (VGChartz, 2012c). The sales data reported by VGChartz is 
arrived at by a number of methods including polling retail partners to find out what hardware 
they are selling and consulting with manufacturers to find out how many units they are 
introducing into the channel (VGChartz, 2013d). The data is also regularly checked against 
manufacturer shipments to ensure accuracy. The values used are for Europe, defined as “UK 
+ Germany + France extrapolated to represent the European totals” (ibid.,). This is the most 
detailed and accurate public source of console sales data available and was also used in the 
EU study on consoles (AEA, 2010). Although console manufacturers have exact numbers of 
consoles sold into different regions, this is commercially sensitive information and therefore 
confidential. Figure 3.14 shows the annual sales of each PlayStation® platform from launch. 
It is assumed that once a new model launches, only that model is sold which is reasonable as 
warehouses operate by first-in first-out distribution of stock. Furthermore, it is assumed that 
a console sold in any one month is in use for the whole of that month. Sales data are not 
available in any greater detail for older consoles, although weekly data is available for HD 
consoles. In order to establish the likely magnitude of any effect that could be caused by 
calculating electricity use on a monthly basis rather than a weekly basis, the electricity use 
of PlayStation®3 has also been calculated using weekly sales data (VGChartz, 2012d). From 
launch until the end of December 2012 the total electricity use is calculated at 6.2 TWh using 
weekly sales data. Monthly sales data results in a total electricity use estimate that is 0.6 
TWh higher at 6.8 TWh. Given that the difference is less than 10%, and that weekly sales data 
is unavailable for PlayStation® and PlayStation®2 consoles, it is assumed that the monthly 
sales data gives a representative estimate of PlayStation® platforms’ electricity use. 
 
0
1
2
3
4
5
6
7
8
+1 +2 +3 +4 +5 +6 +7 +8 +9 +10 +11 +12
A
n
n
u
al
 s
al
e
s 
(m
ill
io
n
s)
Year from launch
PlayStation®
PlayStation®2
PlayStation®3
Amanda Webb  Doctoral Thesis 
137 
 
Figure 3.14 Annual European sales from launch for each PlayStation® platform (VGChartz, 
2012b) 
Figure 3.15 indicates the importance of considering the sales of each model as some will 
account for a much larger proportion of total sales. The opposing trend of sales and 
electricity use for PlayStation®3 is shown in Figure 3.15; as sales increase the electricity use 
per unit falls as efficiency is improved. This means that sales of the more efficient models are 
higher than the early, less efficient models. In terms of the baseline electricity use estimate 
calculated in Chapter 2, which assumes equal sales of each model (105.2 kWh/year), 
considering the relative sales of each model reduces the baseline electricity use estimate by 
24 kWh/year to 81 kWh/year. This observation further emphasises the need for accurate 
power consumption data for games consoles over time. Taking the power consumption 
values for one model and applying them to the total stock, or using the mean power 
consumption for all models, would neglect the need to consider sales of each model given 
the distinctive sales pattern seen for games consoles. 
 
Figure 3.15 Chart showing the European sales and weighted TEC for PlayStation®3 consoles 
in use for each year from launch 
3.7.5 Product Lifetime and Retirement 
To calculate the total electricity use of each platform, an estimate of the lifetime of each 
console is needed (reported in the literature to be between 3.7 years (Equipment Energy 
0
20
40
60
80
100
120
140
0
1
2
3
4
5
6
1 2 3 4 5
El
e
ct
ri
ci
ty
 u
se
 (
kW
h
/y
e
ar
/u
n
it
)
Sa
le
s 
(m
ill
io
n
s)
Year from launch
Sales
Weighted electricity use
(kWh/year)
Amanda Webb  Doctoral Thesis 
138 
 
Efficiency Program, 2006) and 5.5 years (AEA, 2010)). This analysis assumes a mean console 
lifetime of 5 years; sensitivity analysis varies this between 4 years and 6 years in Section 3.9 
to reflect the uncertainty. 
Finally, a retirement function (shown in Figure 3.16) is applied to the average console lifetime 
to model how long consoles are likely to be in use by consumers. The retirement function is 
taken from a report evaluating the regional impacts of appliance efficiency standards that 
focuses on white goods, such as washing machines and refrigerators (Koomey et al., 1998). 
The retirement function is based on the average lifetime of the product being considered. 
Given that lifetime estimates for consoles are available, and no retirement function specific 
to consoles exists, the function is assumed to be a good approximation for consoles. The 
function is based on the following equations: 
 If Age < 2/3 * (Average Life) then 100% survive 
 If Age > 2/3 * (Average Life) and Age < 4/3 * (Average Life)  
then 2 – AGE*1.5/ (Average Life) Survive 
 If Age > 4/3 * (Average Life) then 0% survive 
 
Figure 3.16 Graphical representation of the appliance retirement function used in this 
analysis (Koomey et al., 1998, Mahlia et al., 2002) 
3.8 Electricity Use of PlayStation® Platforms in Europe 
Having estimated the per unit electricity use for all models of PlayStation® platform, this 
information is used in combination with sales data to estimate the cumulative electricity use 
of each PlayStation® platform. This analysis improves understanding of the relationship 
between sales, usage and power consumption and how these combine to influence the 
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electricity use of consoles over time. The results will also enable the peak electricity use of 
each PlayStation® platform to be pinpointed, something that is currently unknown. 
As shown in Table 3.13, a per unit electricity use estimate was calculated for each model of 
PlayStation® platform sold since 1995. In order to calculate the electricity use of each 
PlayStation® platform, the monthly sales of each model is multiplied by its electricity use. 
3.8.1 PlayStation® Electricity Use 
Using the methodology outlined and assumptions described above, the cumulative 
electricity use of PlayStation® consoles has been calculated, and is shown in Figure 3.17. The 
electricity use of PlayStation® consoles peaks in Europe at just under 26 GWh/month in 
February 2001, 66 months after launch in September 1995, with the peak stock of 
PlayStation® consoles in Europe, at just over 25 million units, occurring the following month 
in March 2001. The average electricity use per unit at the time of peak electricity use is 1 
kWh/month. As shown, the electricity use and stock of consoles track one another very 
closely until around March 1999, when the electricity use increase begins to slow compared 
to the stock of consoles that continues to rise. The declining rate of increase in electricity use 
is caused by some of the original models being retired by consumers as per the retirement 
function in Figure 3.16. Following this, the electricity use begins to flatten and then decrease. 
The bumps on the ascending part of the curve are due to high sales in the month of 
December, a peak trading time for console manufacturers. The cumulative electricity use of 
all PlayStation® consoles in Europe between 1995 and 2011 is estimated to be 2.0 TWh, after 
which no units are estimated to be in use. 
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Figure 3.17 Monthly electricity use and stock of European PlayStation® consoles since launch in September 1995 to the end of its lifetime 
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3.8.2 PlayStation®2 Electricity Use 
As shown in Figure 3.18, the electricity use of PlayStation®2 consoles shows a similar trend 
to that for PlayStation® consoles (although it is important to remember that the same 
assumptions and retirement rate are used). PlayStation®2 electricity use peaks at 67.6 
GWh/month in January 2006, 63 months after launch in November 2000, with stock of 
consoles peaking later at 32.5million in December of the same year. In comparison to the 
PlayStation® electricity use estimates, peak electricity use occurs three months earlier for 
PlayStation®2 consoles. This is due to PlayStation®2 selling almost 6 million more units that 
PlayStation® in the first five years from launch, with 5 million of those consoles sold in the 
first two years from launch. The peak electricity use is almost three times higher than that 
for PlayStation® consoles; however, the average electricity use per unit at the time of peak 
electricity use is around double that calculated for PlayStation® consoles; 2 kWh/month 
versus 1 kWh/month. The cumulative electricity use for PlayStation®2 consoles to December 
2012 inclusive is 5.1 TWh. As of January 2013, the PlayStation®2 is no longer on sale in 
Europe. With no additional units being placed on the market, this analysis can also estimate 
the cumulative electricity use until all PlayStation®2 consoles are retired (Figure 3.18), 
estimated to be 5.2 TWh, around two and a half times higher than PlayStation® consoles in 
Europe. PlayStation®2 consoles are estimated to use just 65 GWh of electricity between 
January 2013 and March 2019. 
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Figure 3.18 Monthly electricity use and stock of European PlayStation®2 consoles from launch in November 2000 to the end of its lifetime
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3.8.3 PlayStation®3 Electricity Use 
Considering that PlayStation® and PlayStation®2 consoles were available for sale for a total 
of 142 and 146 months respectively, as of December 2012 PlayStation®3 consoles have been 
available for sale for 70 months so it can be assumed that PlayStation®3 may be about half 
way through its lifetime. Studying the monthly electricity use estimate for PlayStation®3 
consoles suggests that the peak electricity use to date occurred in December 2012, 70 
months after launch in November 2006, at 153.0 GWh/month (Figure 3.19) following an 
earlier peak in March 2012 of 152.6 GWh/month. Whether the peak electricity use in 
December 2012 will be surpassed is impossible to say without future sales data. However, 
considering that the peak electricity use for PlayStation® and PlayStation®2 consoles 
occurred at 66 and 63 months after launch respectively, it is possible that the peak in 
December 2012 will not be exceeded in the future. One factor that is likely to have an effect 
on PlayStation®3 sales is the launch of PlayStation®4 in Europe on 29th November 2013; sales 
of which are estimated to be just over 700,000 for the first two days (VGChartz, 2012a). 
Studying sales of PlayStation® and PlayStation®2 consoles following the launch of a new 
PlayStation® platform, sales can be seen to fall significantly compared to the same months 
the year previously. For example, PlayStation®2 sales for November 2006 to January 2007 
inclusive, when the launch of PlayStation®3 was anticipated, were over 1.5 million lower than 
the same three months the previous year. Although PlayStation®4 is likely to take a share of 
PlayStation®3 sales, new software is still being released for PlayStation®3 such as Gran 
Turismo®6. The retail price of a PlayStation®3 has also fallen significantly, with current 
models retailing at approximately £200 for a 500 GB model versus the PlayStation®4 that is 
retailing at launch for £350, also with a 500 GB hard drive. The electricity use of PlayStation®3 
consoles in December 2012 is estimated to be 153 GWh, more than double the peak 
electricity use of PlayStation®2 consoles (67.6 GWh) and over six times that for PlayStation® 
consoles (26 GWh). The average electricity use per unit in December 2012 is calculated at 
5.4 kWh/month, almost three times the value for PlayStation®2 consoles and six times the 
electricity use per PlayStation® console. This is due to the higher power consumption of 
PlayStation®3 consoles and a significantly lower stock at this point in the product lifetime, 
i.e. a greater electricity use is shared between fewer console units. Despite only being around 
mid-way through its sales lifetime, the cumulative electricity use for PlayStation®3 up to and 
including December 2012 is estimated to be 6.8 TWh; already more than PlayStation®2 
cumulative electricity use. This increase in electricity use is a result of increased power 
consumption and usage, not increased sales. For instance, usage of PlayStation®3 is 
estimated to be 1.7 hours/day compared to 1.4 hours/day for the PlayStation®2. 
Furthermore, the annual electricity use per unit increased by almost five times between 
launch models of PlayStation®2 and PlayStation®3, estimated to be 31.6 kWh/year/unit 
versus 154.4 kWh/year/unit respectively. 
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Figure 3.19 Monthly electricity use and stock of European PlayStation®3 consoles since launch in March 2007 to December 2012
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3.8.4 Estimated Total Electricity Use of PlayStation® Platforms 
Following the estimates of each PlayStation® platform’s monthly electricity use described 
above, this section considers all results together to understand how the electricity use of 
PlayStation® platforms has changed over time in Europe, shown in Figure 3.20. It is clear that 
electricity use has increased significantly over time from around 0.1 GWh/month in 
September 1995, to 159.2 GWh/month in December 2012. The trend of increasing electricity 
use has continued despite the estimated stock of consoles in use peaking in December 2005 
at 38.3 million and then decreasing, with a stock of 29.2 million in December 2012 (Figure 
3.21). Although the increase in electricity use between PlayStation® and PlayStation®2 
consoles is partially due to higher sales of PlayStation®2 this is not true for the difference 
between PlayStation®2 and PlayStation®3 where the increase in electricity use is attributable 
to the increased power consumption of the console and increased usage as a result of more 
functions. 
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Figure 3.20 Monthly electricity use of each PlayStation® platform in Europe between September 1995 and December 2012 
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Figure 3.21 Total stock of PlayStation® platforms in Europe between September 1995 and December 2012 
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3.8.5 Avoided Electricity Use Through Efficiency Improvements 
Power consumption testing has clearly demonstrated that efficiency improvements made to 
console hardware after launch, such as die shrink, resulted in increased efficiency through 
reduced power consumption. It is interesting to consider the difference in estimates of total 
electricity use between a scenario where no changes were made to the hardware, i.e. no 
efficiency improvements through die shrink, and the actual scenario. This is particularly 
interesting when considering the magnitude of electricity savings that can be achieved 
through the introduction of standards and regulations, beyond those already achieved 
voluntarily. 
Considering a scenario where no efficiency improvements are made to console hardware 
after launch, i.e. using launch model electricity use estimate for all consoles sold, the avoided 
electricity use can be calculated. 
Figure 3.22 and Figure 3.23 show the total electricity use of each PlayStation® platform, both 
with and without hardware improvements that resulted in increased efficiency. This shows 
that a substantial amount of electricity use (6.8 TWh) was avoided for PlayStation® 
platforms. Over 60%, or 4.2 TWh, of this saving is attributable to PlayStation®3, and with 
similar trends in power reduction known for Xbox 360 (accounting for 45% of HD consoles 
sold in Europe until December 2012), total avoided electricity use could be as high as 7.6 
TWh for HD consoles between launch and December 2012. This is particularly interesting 
when considering the proposed requirements for consoles under the Eco-design Directive, 
which are estimated to save 0.5 TWh/year in 2020 (Console Manufacturers, 2012a). Using 
the estimated electricity saving of 7.6 TWh for all HD consoles, and considering that these 
have now been on sale for an average of 6 years, this equates to electricity savings of 1.3 
TWh/year. It is difficult for console manufacturers to commit to further efficiency 
improvements for HD consoles due to uncertainty regarding limits to die shrink, and the fact 
that new platforms launched in 2013. 
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Figure 3.22 Chart showing the estimated monthly electricity use of each PlayStation® platform both with and without hardware improvements that 
increased efficiency 
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Figure 3.23 Chart showing the cumulative electricity use of each PlayStation® platform from September 1995 to December 2012 both with and without 
hardware improvements
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3.9 Sensitivity Analysis 
In order to establish the effect of varying the study assumptions on the results, sensitivity 
analysis considers the upper and lower bounds of estimates where they are uncertain. This 
includes the following aspects of console electricity use: 
 Power consumption: variability testing (Section 3.6.2) showed that power 
consumption between units of the same model could vary by up to ±15% of the 
measured mean power consumption. The sensitivity analysis, therefore, considers 
this range in power consumption values for all consoles; 
 Usage: As discussed in the previous chapter, usage estimates are uncertain due to 
the limited data available. The metered values used to estimate total on time for 
PlayStation®3 consoles range between 1.1 hours/day (Nielsen, 2010) and 2.5 
hours/day (Nielsen, 2009). Given the large variation between estimates, sensitivity 
analysis considers that usage could be ±50% of the mean value of 1.7 hours/day. The 
increase/decrease in usage is applied equally to all modes considered in the usage 
profile. For PlayStation®3, it is assumed that networked standby activation remains 
the same; and 
 Lifetime: A lower estimate of 4 years and an upper estimate of 6 years will be used 
to determine the effect of this aspect on console electricity use. 
Best and worst case sensitivity analyses are completed for each PlayStation® platform 
resulting in a best and worst case cumulative electricity use estimate. Table 3.14 presents a 
summary of these results, considering the full lifetime of PlayStation® and PlayStation®2 
consoles, and for PlayStation®3 up to and including December 2012. Figure 3.24 shows that 
the assumptions used have a significant effect on the electricity use estimates. Studying 
Table 3.14 shows that the factor with the greatest impact on the total electricity use varies 
with the platform being considered. For instance, varying the product lifetime has the 
greatest effect on total electricity use of PlayStation® consoles, with power consumption 
having the next greatest effect and usage the smallest effect. In contrast, usage has the 
greatest effect on the electricity use estimates for both PlayStation®2 and PlayStation®3 
consoles. Changing the usage time for PlayStation®2 and PlayStation®3 consoles has a 
greater effect on the electricity use of these consoles as the usage estimates are higher than 
those for PlayStation® consoles (1.4 hours/day and 1.7 hours/ day versus 1 hour/day). 
The estimates for the cumulative electricity use of each PlayStation® platform vary by up to 
73% in some cases. It is, however, particularly important to remember that the PlayStation®3 
estimates only account for the electricity use up to and including December 2012, versus the 
PlayStation® and PlayStation®2 estimates that consider the whole product lifetime. The 
estimated lifetime electricity use for PlayStation®3 consoles will be considerably higher than 
the current estimate of 6.8 TWh to December 2012. Using sales data up to and including 
December 2013, and assuming that future annual sales of PlayStation®3 consoles will be 
equal to the mean sales for console platforms placed on the market during or after 1995 and 
that no further significant power reductions will be achieved, cumulative PlayStation®3 
electricity use is estimated to reach 13.6 TWh by 2025. 
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Despite the uncertainty around usage estimates, sensitivity analysis shows that the 
cumulative electricity use of PlayStation® platforms is increasing over time, however, the 
magnitude of the electricity use, both for each console platform and the total electricity use 
for all PlayStation® platforms, could vary substantially depending on usage and product 
lifetime (between -50% and +70% depending on the platform). 
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Table 3.14 Sensitivity analysis results for each PlayStation® platform 
 Estimated cumulative electricity use (GWh) 
   Best Case Worst Case 
Console 
Baseline 
estimate  
Power 
Consumption 
(-15%) 
Usage 
(-50%) 
Lifetime 
(4 years) 
Total  Power 
Consumption 
(+15%) 
Usage 
(+50%) 
Lifetime 
(6 years) 
Total  
PlayStation® 2,020  1,717  1,856  1,613  1,260  2,323  2,192  2,428  3,029  
PlayStation®2 5,186  4,408  3,866  4,140  2,623  5,963  6,505  6,231  8,990  
PlayStation®31 6,837  5,812  4,485  6,834  3,480  7,863  9,361  7,766  11,192  
1 For PlayStation®3, these estimates consider the cumulative electricity use up to and including December 2012 
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Figure 3.24 Chart showing the results of sensitivity analysis for each PlayStation® platform considering console usage, power consumption and lifetime
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3.10 Discussion 
This chapter describes power consumption testing conducted on each model of PlayStation® 
platform sold within Europe since 1995. Using this information, combined with sales data 
and usage estimates derived in the previous chapter, a refined electricity use estimate for 
PlayStation®3 consoles is calculated. Furthermore, the cumulative electricity use of each 
PlayStation® platform sold up to and including December 2012 is estimated, something that 
was previously unknown. Overall results indicate that: 
 The electricity use of PlayStation® platforms in Europe has increased significantly 
over time – since the launch of the original PlayStation® console in 1995, the 
electricity use of PlayStation® platforms in Europe has increased from 0.1 
GWh/month in September 1995 to a maximum of 161.2 GWh in January 2012. In 
terms of cumulative electricity use per platform, the electricity use of PlayStation®3 
is estimated to reach 13.6 TWh, almost seven times greater than PlayStation® (2.0 
TWh). This increase in electricity use has continued despite the estimated total stock 
of PlayStation® platforms peaking in late 2005 and falling until December 2012. The 
increase in cumulative electricity use is a result of increased performance of 
consoles, requiring more power to function, and an increasing number of functions 
that has led to consumers using their consoles for longer and for an increasing variety 
of non-gaming functions; 
 Electricity use per unit decreases between different models of each PlayStation® 
platform – the electricity use per unit has fallen considerably between subsequent 
models of each PlayStation® platform. For example, the electricity use per unit of 
PlayStation® console fell by 5.2 kWh/year, or 30%, from 16.9 kWh/year to 11.8 
kWh/year between the launch model and the final model released in 2000. Similarly, 
the electricity use per unit of PlayStation®2 fell by 64% from 31.6 kWh/year to 11.3 
kWh/year between launch model and the final model placed on the market. This is 
due to hardware improvements such as die shrink, which result in reductions in 
power consumption; for example, the power consumption of PlayStation®3 consoles 
in gaming mode has fallen by 119.3 W, from 198.2 W to 78.9 W from launch in 2007 
to 2013. The reduction in power consumption during the lifetime of each 
PlayStation® platform is responsible for the “Saw-tooth” phenomenon described in 
the literature. However, rather than a “saw-tooth” which has peaks of equal 
magnitude, console electricity use increases between platforms but decreases 
within a generation. It is therefore suggested that the term “saw-tooth” could be 
misleading and should not be used in reference to console electricity use in the 
future. This research has accurately plotted the electricity use of PlayStation® 
platforms, showing the increase in electricity use over time; 
 Significant electricity savings have been achieved through efficiency improvements 
made to console hardware during the product lifetime - throughout the lifetime of 
each PlayStation® platform SONY has changed the hardware using efficiency 
improvements such as die shrink. This has resulted in subsequent models of the 
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same platform having lower power consumption. A calculation of the cumulative 
electricity use of each PlayStation® platform without these efficiency improvements 
shows that the cumulative electricity use of all PlayStation® platforms would have 
been approximately 6.8 TWh higher to December 2012, just 0.34 TWh less than the 
cumulative electricity use of both PlayStation® and PlayStation®2 consoles over their 
lifetime. This is equivalent to around 3.1 Mt of CO2e (Carbon Trust, 2013). When 
considering the substantial electricity savings already achieved for these consoles, it 
is important to evaluate the added benefit that energy efficiency regulations and 
standards can add. Games consoles are unusual in this respect as the same hardware 
is re-engineered to take advantage of technological developments rather than 
frequently launching new products. Although Sony has launched four home 
consoles, these products have long lifetimes, for instance, the PlayStation®2 was 
available for sale for 12 years. Furthermore, it is important to consider whether the 
trend for decreasing electricity use over the lifetime of a product can be maintained. 
For example, die shrink has resulted in significant electricity savings for 
PlayStation®3, however, it is uncertain whether die shrink will continue with 
traditional silicon due to the physical limits of the material. However, it is rumoured 
that Intel already plan to manufacture 5 nm chips in 2019 (Toms Hardware, 2012). 
Whether the magnitude of power consumption reductions experienced for 
PlayStation® platforms tested to date will continue for next generation consoles is 
uncertain. The potential electricity saving of various efficiency improvements is 
considered for PlayStation®4 in the next Chapter; 
 Peak electricity use occurs around five years after the product launch - although 
this effect is partially determined by the average product lifetime and the retirement 
rate used in the modelling, the lifetime estimate of 5 years is commonly reported in 
the literature. Following the peak electricity use, the decrease is caused by the 
retirement of early, higher power models that are replaced in the market by more 
efficient models. This suggests that standards or regulation pertaining to the 
electricity use of consoles must be adopted before peak electricity use occurs if they 
are to have an effect beyond Business as Usual. At present, discussions around 
setting requirements for current high definition Xbox 360 and Playstation®3 are 
unlikely to achieve large energy savings. Studying the electricity use estimates for 
the three most recent PlayStation®3 models, CECH-2500A, CECH-3000A and CECH-
4000C, shows a reduction of just 0.5 kWh/year. The absence of significant power 
reductions is likely to be caused by the current hardware architecture of the console 
reaching its limits in terms of efficiency. Further improvements to the efficiency of 
the architecture could be achieved through a complete redesign of the console 
hardware; however, there are two limiting factors to this: 
i. Cost - manufacturers invest hundreds of millions of pounds in designing their 
hardware (Kahle et al., 2005). PlayStation®3 is over 6 years old and 
redesigning at this point in the lifecycle is not economically viable; and 
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ii. Performance - one aspect that defines a console is its’ performance. This 
needs to be held constant so that consumers are able to play games that 
they purchased early during the lifecycle of the product on any new model 
that is released. 
 Variability in power consumption between units of the same model is relatively 
high – although the supply chain is very tightly controlled, with each component 
being sourced carefully to ensure that the quality of the product is not compromised, 
power consumption testing on multiple units of the same model has shown that 
measurements vary by up to ±15% around the mean. As with any electrical device, 
the efficiency of each component will vary between units, and when multiple 
components are considered together as a whole product, it is unsurprising that this 
can have a considerable impact on power consumption. In terms of compliance with 
power consumption limits on certain modes, for example, it is essential to consider 
how variable measurements between units could be. The approach taken in the Eco-
design Directive to test compliance with power limits is to test one unit of a device. 
If this device fails, then three more units are tested and the mean power 
consumption of the three units used. If the mean value still does not comply with 
the limits, then the product is considered non-compliant. Manufacturers must 
consider the variability between units of the same model before they agree to power 
limits, and this variability should be accounted for in the test methodology; and 
 Considering the contribution of each model to total sales is important - the refined 
baseline electricity use estimates calculated in this chapter for PlayStation®3 
consoles has highlighted the importance of weighting average power consumption 
according to sales of each model. The estimated electricity use of PlayStation®3 
consoles in use is 24 kWh/year lower when weighting by sales of each model 
compared to that estimated in Chapter 2 (81 kWh/year versus 105.2 kWh/year). 
Games consoles are unusual in that sales at the time of launch are relatively low and 
then increase as more content becomes available and hardware prices fall. As a 
result, a lower proportion of the early, high power consuming models are sold, which 
is shown to have a significant effect on the electricity use estimates. Existing 
assessments of games console electricity use simply use the power consumption of 
the model on the market at the time of study (AEA, 2010, NRDC and Energy 
Solutions, 2011). In some cases this leads to an underestimate of potential electricity 
savings, for instance changing APD settings can be implemented on all consoles in 
use that would lead to greater electricity saving on older, higher power models. In 
other cases, this can lead to inflated electricity savings where it is assumed that 
future models will have the same power consumption as those on sale. 
3.11 Limitations and Further Work 
The results of this study give a good indication of the electricity use of PlayStation® models 
and platforms; however, the implications are limited in terms of their applicability to other 
console platforms such as the Xbox and Xbox 360 and the Wii and Wii U. Despite this, it is 
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known that the power consumption of each of these consoles has decreased over the 
lifetime of the product, although the extent to which this reflects the reductions seen in this 
study is unknown. Further testing could be conducted on other console platforms to 
determine the extent to which these trends apply to other console platforms. This would 
also enable the calculation of the electricity use of all games consoles in Europe. 
In terms of power consumption testing, ideally a larger sample of each unit would be tested 
to improve the accuracy of the measurements used in calculating electricity use estimates. 
The number of units sampled was limited due to a lack of available units to test, a barrier 
that is difficult to overcome particularly for older console models. 
Finally, although the retirement function used in the study considers the estimated lifetime 
of games consoles, it is simply a linear approach that was developed for application to various 
electronic products. More research could be conducted to establish for how long consoles 
are used in consumers’ homes before being retired out of use, so that the retirement 
function can be adapted to reflect console usage more accurately. 
3.12 Conclusions 
The research completed in this chapter has shown that the electricity use of PlayStation® 
platforms has increased over time, due to increased power consumption and usage. Before 
launch in November 2013, stakeholders including policy makers and NGOs anticipated that 
the electricity use of PlayStation®4 would be higher than PlayStation®3. Chapter 4 studies 
the electricity use of PlayStation®4, showing that it could actually be lower, despite the 
increase in performance. 
The following chapter specifically considers the PlayStation®4 hardware and estimates the 
electricity use over the product lifetime. Efficiency improvements and approaches that can 
help to reduce PlayStation®4 electricity use through reducing the power consumption and/or 
the time the device spends switched on are also studied. 
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4 Investigating Energy Efficiency 
Improvements and Potential Electricity 
Savings for Next Generation Games 
Consoles 
4.1 Chapter Objectives 
This chapter will: 
 Describe the hardware architecture of next generation games consoles; 
 Describe efficiency improvements and approaches that can reduce the electricity use 
of next generation consoles, either through reducing power consumption and/or 
reducing the time the device spends switched on; 
 Develop a baseline electricity use estimate for next generation consoles, using 
PlayStation®4 as a case study, assuming no efficiency improvements;  
 Consider the potential electricity saving of each efficiency improvement, compared 
to the baseline; 
 Estimate how much electricity PlayStation®4 consoles are likely to use, taking into 
account predicted usage and sales; 
 Evaluate the contribution of existing and proposed standards and regulations for 
games console energy efficiency; 
 Identify where opportunities remain to further reduce the electricity use of 
PlayStation®4 consoles; and 
 Consider the extent to which the electricity savings estimated for PlayStation®4 
could apply to other next generation consoles. 
4.2 Introduction 
Studies of games console electricity use suggest that the potential exists to reduce their 
electricity use through improved efficiency, although there is no consensus on the magnitude 
of these savings (Chapter 1). A review of various estimates of console electricity use, 
published by governments, NGOs and academics, demonstrates large uncertainty; values for 
High Definition (HD) consoles vary widely between 32 kWh/year and 500 kWh/year (Webb 
et al., 2013). Most of the variability between electricity use estimates for HD consoles is due 
to inconsistent assumptions on console usage, in addition to the fact that different models 
of the same console platform12 have different power consumption (Chapter 2). Furthermore, 
                                                          
12 A console platform is a specific console product that can be differentiated from other consoles by 
its functions and performance, for example, Xbox 360 and PlayStation®3 are both console platforms 
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research completed in Chapter 3 shows that the cumulative electricity use of each 
PlayStation® platform has increased significantly over time, as performance and functionality 
has improved. Next generation Xbox One and PlayStation®4 consoles launched in November 
2013 have higher performance and many new features in addition to those found on their 
HD counterparts. As such, it was originally estimated that next generation consoles’ 
electricity use will be higher than for HD consoles (Intertek, 2013). Furthermore, sales of next 
generation consoles were unprecedented with more than 1 million PlayStation®4 consoles 
sold in the first 24 hours of the US launch (Goldfarb, 2013); if sales continue to exceed those 
experienced for earlier console platforms, electricity use could be even higher. 
The Xbox One has the following additional features compared to Xbox 360 (see Table 2.1 for 
a detailed description of Xbox 360)(xbox.com, 2013a): 
 HDMI in and out ports that allow users to plug their Set Top Box (STB) into their 
console and use the console user interface to control the STB; 
 a “snap” feature that splits the screen and allows a user to do two things at once, 
such as playing a game while watching TV alongside; 
 Skype software that uses Kinect13 to make video calls. Users can opt to get message 
and call alerts on their TV screen and can also send instant messages to friends while 
using the console to watch TV or play games; and 
 A personalised home screen that displays user’s favourite games and 
entertainment, available on whichever console they sign in. 
New features available on PlayStation®4 compared to PlayStation®3 include (see Table 2.1 
for a detailed description of PlayStation®3)(playstation.com, 2013b): 
 Game and system updates automatically downloaded in the background while the 
console is powered off so the console is always ready to use; 
 Games purchased online can be played instantly as they download simultaneously 
in the background; 
 The ability to stream live gameplay that other users can watch; 
 Functionality that allows users to create walkthrough videos that other users can 
watch; 
 Using the PlayStation® camera or headset to chat with friends; 
 A PlayStation® App that can be used on tablets and smartphones to manage 
downloads, stay up-to-date with friends’ activities, control the PlayStation®4 
remotely and add a second screen experience to some titles; 
                                                          
13 Kinect is a motion sensing camera that allows users to use gestures, motion and speech to control 
the console, rather than using traditional peripherals such as controllers 
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 Charging controllers while the console is powered down, instead of leaving the 
console on; and 
 PlayStation®4 games can also be played via the PlayStation® Vita portable console 
wirelessly over a home Wi-Fi network. 
A new feature available on both consoles is the option to use voice commands to choose 
functions and switch the console on and off. This feature uses the ‘Kinect 2’ camera that is 
sold with the Xbox One console, while the PlayStation®4 uses either a headset that comes 
with the console or the PlayStation® camera that can be purchased separately. 
The controllers for both consoles have also been improved to compliment the new console 
features and to enhance the gaming experience. The new ‘DUALSHOCK®4’ controller for use 
with the PlayStation®4 now includes: a touch pad that provides a new way to interact with 
games; a share button that allows users to upload footage of their gameplay to social 
networking services; a built-in speaker and headset jack to facilitate chatting with friends 
whilst gaming; and the light bar that offers an easy way to identify players and see game 
information such as when a character is low on health (playstation.com, 2013a). The Xbox 
One wireless controller also has additional features such as ‘Impulse Triggers’ that vibrate to 
provide a more immersive experience and an improved shape to make it more comfortable 
to use (Microsoft, 2013). 
Prior to the launch of next generation Xbox One and PlayStation®4 consoles, numerous 
studies were conducted to estimate the potential electricity saving that could be achieved 
for games consoles through the use of efficiency improvements that either reduce the time 
a console spends switched on and/or reduce power consumption (Chapter 1). A study by 
NRDC (2008a) suggested that up to 50% of games consoles were left switched on but inactive 
when not in use, leading to an estimated electricity use of 16 billion kWh/year for games 
consoles in the US. As a result, it was recommended that an Auto Power Down (APD) feature, 
that switches the console into standby mode after a period of inactivity, and a sleep mode, 
that powers down the console but saves a users’ progress, should be introduced. Similarly, a 
study by Hittinger et al. (2012) found that overall electricity use could be reduced by over 
70%, from 16 TWh in the US in 2010, on introduction of a 1 hour APD. However, these 
recommendations are based on assumptions about the number of consoles that are left 
switched on but inactive when not in use. The preparatory study prepared by AEA (2010), 
conducted as part of the European Union (EU) Eco-design Directive process for games 
consoles, and the Australian Government report on console energy efficiency 
(EnergyConsult, 2012a) both recommend that games console power consumption should be 
proportional to the processing required for the task in hand (scaling), something that laptops 
and desktops are shown to do more effectively. The relatively poor scaling shown by consoles 
is highlighted in a report by ECOS (2011). However, these assessments assume that the 
scaling capability of laptops and desktops can be achieved in games consoles. Although the 
hardware components of these devices are similar, i.e. they have a CPU, GPU and memory, 
they have a different function and architecture; games consoles are optimised to deliver high 
specification gaming content, in contrast to the more multifunctional nature of a desktop 
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computer. Furthermore, when a desktop or laptop is inactive (idle), it is not performing any 
function, whereas a games console is always rendering complex and detailed images even 
when there is no user input. As a result, there is no true idle mode on games consoles to 
compare to desktops and laptops. The Australian Government report also recommends 
reducing the power in standby mode when a network connection is maintained (networked 
standby) (EnergyConsult, 2012a). Since the publication of this report, mandatory networked 
standby power limits have been adopted in the EU that apply to games consoles (see Section 
1.7.1 for details). 
Following the launch of next generation Xbox One and PlayStation®4 consoles, and interest 
in the new features and functions, various stakeholders have commented on the energy 
efficiency and power consumption of these devices. For example, NRDC have published a 
study comparing the electricity use of next generation consoles to HD consoles (NRDC, 
2013b). Although NRDC state that the PlayStation®4 and Xbox One have made “substantial 
progress on energy efficiency compared to their predecessors”, it is also highlighted that the 
new consoles use more electricity that the models of Xbox 360 and PlayStation®3 on sale in 
2013. This comparison is, however, flawed as it is comparing consoles at different points in 
the product lifecycle and also comparing consoles with different performance; PlayStation®3 
and Xbox 360 consoles have benefited from technological developments over the product 
lifetime, such as die shrink, enabling them to become more efficient. Next generation 
consoles represent a step change in technology using new chips that have not yet had the 
opportunity to undergo optimisation that results in efficiency improvements. 
Recommendations to reduce the electricity use of these consoles include reducing the power 
consumption of the Xbox One “Instant-on” mode, which allows users to switch their console 
on using voice commands and downloads updates and content, and reducing the power 
consumption when streaming media to attempt to match that of discrete devices such as 
Apple TV and Roku (ibid.,). 
Subsequent to the EU Eco-design Directive preparatory study described above, an impact 
assessment study was completed that includes an estimate of next generation console 
electricity use, before launch in 2013 (Intertek, 2013). The study assumes that the power 
consumption of PlayStation®4 and Xbox One consoles at launch will be the in the same region 
as the power consumption of Xbox 360 and PlayStation®3 consoles at launch – i.e. 200 W for 
gaming (Intertek, 2013). This estimate does not consider any of the efficiency improvements 
that have occurred over the lifetime of HD consoles, such as the reduction in the size of 
microprocessor components (die shrink), which have resulted in significant reductions in 
power consumption. The report states “any projections linked to the evolution of such a 
dynamic product group as games consoles have to be treated with caution” (ibid.,). As such, 
this estimate was widely inaccurate. Given the significant uncertainty regarding the 
electricity use of HD consoles on sale, predictions for next generation console electricity use 
are likely to be even more uncertain. 
After the launch of next generation consoles in November 2013, with improved performance 
and functionality compared to their predecessors, stakeholders such as NGOs and 
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government agencies are concerned that the cumulative electricity use of games consoles 
will continue to increase compared to previous product generations. However, next 
generation consoles have different hardware architecture to HD consoles and as such, policy 
recommendations made by previous studies may not be applicable. If the energy efficiency 
of next generation consoles is to be improved, then a detailed assessment of the electricity 
use of these consoles is needed. 
This research uses TEC methodology to estimate the cumulative electricity use of 
PlayStation®4 consoles. TEC is also used to estimate and compare the potential electricity 
saving of a range of efficiency improvements either already present in new consoles or that 
could be added. This will help to identify which efficiency improvements hold the greatest 
potential to improve console efficiency and reduce the impact of consoles on climate change. 
The research only considers PlayStation®4 as data for this console were available to the 
research engineer before the product launched in November 2013. Although the 
PlayStation®4 and Xbox One are not identical, they are based on a similar architecture; 
therefore, some of the lessons regarding the potential for electricity saving for PlayStation®4 
are also applicable to Xbox One (see Discussion). Section 4.3.1 gives a detailed description of 
PlayStation®4 and Xbox One console architecture and functions. 
4.3 Background 
This section compares the technical specifications of next generation Xbox One and 
PlayStation®4 and HD PlayStation®3 and next generation PlayStation®4 consoles. Following 
this is a description of the efficiency improvements that can reduce the electricity use of next 
generation consoles. 
4.3.1 Next Generation Consoles 
This section describes the hardware specifications of Xbox One and PlayStation®4 consoles 
(Table 4.1). The new features available on next generation consoles are the result of 
significant improvements in the performance capability of the hardware. 
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Table 4.1 Hardware specifications of next generation consoles (Sony Computer 
Entertainment Incorporated, 2013d, Shimpi, 2013c) 
Feature PlayStation®4  Xbox One 
Main Processor 
 
Graphics Processing Unit 
(GPU)4 
28 nm Advanced Micro Devices 
(AMD) SoC1 with: 
8 core2 “Jaguar” CPU3 @ 1.6 GHz 
1.84 TFlops5, AMD next-
generation Radeon ™ based 
graphics engine similar to AMD 
“Pitcairn” Radeon HD 7870 @ 
800 MHz with 18 compute units6 
and 32 Render OutPuts (ROPs)7 
28 nm AMD SoC with: 
8 core “Jaguar” CPU @ 1.75 
GHz 
1.3 TFlops, AMD next-
generation Radeon ™ based 
graphics engine similar to 
AMD “Bonaire” Radeon HD 
7790 @ 853 MHz with 12 
compute units and 16 ROPs 
Random Access Memory 
(RAM)8 
8 GB 5500 GHz GDDR5  8 GB 2133 GHz GDDR3 RAM, 
32 MB embedded Static RAM 
(eSRAM) 
Hard Disk Drive 500 GB 500 GB 
Optical Drive Blu-ray Disc 
DVD  
Blu-ray Disc 
DVD 
Input/Output USB 3.0 
 AUX 
USB 3.0  
Sony/Philips Digital Interface 
Format (S/PDIF) 
Infra-Red Blaster 
Communication Ethernet (10BASE-T, 100BASE-
TX, 1000BASE-T) 
IEEE 802.11 b/g/n 
Bluetooth® 2.1 (EDR) 
Gigabit Ethernet, Wi-Fi 
(A/B/G/N dual-band at 2.4ghz 
and 5ghz) includes Wi-Fi___33 
Direct support 
IEEE 802.11 a/b/g/n 
Wi-Fi Direct 
AV Output High Definition Multimedia 
Interface (HDMI) 
Analog – AV out 
Digital Output (optical) 
HDMI In/Out (4K support) 
 
Digital Output (optical) 
 
Motion Control and Speech 
Recognition 
PlayStation® Camera/ 
PlayStation® Move controller 
Kinect 2 
1 System on a Chip (SoC) is a single chip that contains all the electronic circuits required for a complete working product 
(PCMAG.COM, 2013). 28 nm refers to the transistor gate length, where gates are collections of transistors (Shimpi, 2005) 
2 A core can be considered an independent Central Processing Unit (See below). Multiple cores allow multiple instructions to 
be completed at the same time (parallel computing) 
3 Central Processing Unit (CPU) is the part of a computer in which operations are controlled and executed 
4 Graphics Processing Unit (GPU) is a computer chip that performs rapid mathematical calculations, primarily for rendering 
images 
5 Teraflops is a measure of computer speed, equal to one trillion floating point operations per second 
6 A compute unit (CU) is described as “the basic computational building block of the AMD “Graphics Core Next” (GCN) 
architecture” (AMD, 2012) and can be considered similar to a core in a CPU 
7 Render Outputs (ROPs) are involved in rendering pixels to produce images 
8 Random Access Memory (RAM) is where the operating system, application programs and data in current use are stored so 
that the computer’s processor can quickly reach them 
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As shown in Table 4.1 the hardware specifications of Xbox One and PlayStation®4 consoles 
are similar with the same hard drive storage capacity and using similar 28 nm System on a 
Chip (SoC) architecture produced by AMD, including an 8 core “Jaguar” Central Processing 
Unit (CPU) and a “Graphics Core Next (GCN)” Graphics Processing Unit GPU architecture. 
However, there are some key differences that may affect the power consumption and 
performance of the consoles, including: 
 System Memory (RAM) – although the amount of main system memory is the same 
in both the PlayStation®4 and Xbox One consoles, the PlayStation®4 uses Graphics 
Double Data Rate 5 (GDDR5) RAM versus the GDDR3 found in the Xbox One. GDDR5 
provides twice the bandwidth of GDDR3, which helps to enhance performance 
through increasing the rate at which data can be read or stored by the processor 
(AMD, 2013f). In addition to the main RAM, the Xbox One has 32 MB of embedded 
Static Random Access Memory (eSRAM) on the SoC, which is used to support the 
main RAM and alleviate some of the GPU bandwidth needs (Shimpi, 2013c). The 
main differences in next generation console hardware arise from the different 
purpose of each product. The main objective for the Xbox One was to design a “well 
balanced” console that considers all aspects of hardware and software to achieve a 
good balance in terms of performance (EUROGAMER.net, 2013). This reflects the 
marketing positioning of the Xbox One as an “all-in-one games and entertainment 
hub” (Xbox Wire, 2013) and the provision of functions such as the HDMI in/out 
capability that allows the Xbox One to control a connected Set Top Box. In contrast, 
PlayStation®4 has been developed with high specification graphics hardware, and is 
more of a “gamer focused” system (Sony Computer Entertainment Incorporated, 
2013d); and 
 GPU – to support the provision of the gamer focused design as described above, 
PlayStation®4 uses 18 GPU compute units and 32 ROPs compared to the 12 compute 
units and 16 ROPs in the Xbox One (Shimpi, 2013c). The compute units of the GCN 
architecture deliver more consistent performance than previous architecture 
designs and implement a new instruction set, or programming language, that is 
easier for computer programmers and software developers to use, allowing them to 
harness more of the computing power (ibid.,). The design of the compute units 
allows more parallel computing to take place, which allows multiple tasks to be 
performed at the same time. This increases the speed at which processor requests 
are fulfilled, such as opening an application or saving data. Regarding the ROPs, these 
are responsible for final pixel output or resolution of the image rendered. Comparing 
Battlefield 4, a first person shooter available on both next generation consoles, the 
native resolution on PlayStation®4 is 1600x900, versus 1280x720 on the Xbox One 
(Morgan, 2013), highlighting the effect of the additional ROPs on PlayStation®4. 
In addition to highlighting the new features available on next generation consoles compared 
to Xbox 360 and PlayStation®3, it is also interesting to compare the hardware specifications 
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of HD and next generation consoles to understand how the power consumption and 
functions available are influenced by the hardware.  
Table 4.2 summarises the hardware specifications of the PlayStation®3. Some basic 
differences between PlayStation®3 and PlayStation®4 include: 
 The type and size of memory available – the PlayStation®4 has sixteen times the 
system memory capacity of PlayStation®3. In addition, as described above, 
PlayStation®4 has GDDR5 RAM compared to GDDR3 RAM in the PlayStation®3. 
GDDR5 has double the bandwidth, enhancing performance; and 
 The Hard Disk Drive (HDD) capacity – PlayStation®3 launched with either a 20 GB or 
60 GB HDD whereas PlayStation®4 launched with a 500 GB HDD. The HDD capacity 
has increased due to a growing availability of downloadable content, including 
games, and media such as TV shows and movies. 
Although the above differences contribute to the difference in performance between 
PlayStation®3 and PlayStation®4, the key to performance are the specifications of the CPU 
and GPU. The Cell processor for PlayStation®3 was developed through a collaborative effort 
between Sony Computer Entertainment Incorporated (SCEI), IBM and Toshiba since it was 
determined “that traditional architecture organisations would not deliver the computational 
power that SCEI sought” (Kahle et al., 2005). Due to the bespoke nature of the CPU and GPU 
technology, official technical specifications are not available in order to compare the 
performance of HD consoles to next generation consoles. PlayStation®4 was developed with 
a target of having ‘ten times the performance’ of PlayStation®3 (Cerny, 2013), and even if 
technical specifications of the processors were available, they operate totally differently as 
they belong to a different architecture; simply comparing the speed of the processor, for 
example, does not give an indication of performance. Since the launch of PlayStation® 4, 
Enervee, a US consumer organisation, which takes into account various aspects of console 
hardware specifications in order to determine performance, has developed an index rating 
of games consoles energy efficiency. The specifications considered in developing an 
efficiency score include the following (enervee, 2013b): 
 CPU – processor speed (GHz), number of cores, threads per core and the cache; 
 GPU – processing capability in Gflops; 
 RAM – GB available to the CPU/GPU and the speed (GB/s); and 
 HDD – total storage available. 
Consequently, Enervee gives the latest PlayStation®3 model an index score of 67 out of 100, 
while PlayStation®4 scores 100 despite having higher power consumption, indicating the 
improved energy efficiency of PlayStation®4 compared to PlayStation®3. 
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Table 4.2 Summary of PlayStation®3 hardware specifications (Sony Computer 
Entertainment Incorporated, 2006) 
Component Details 
CPU Cell Processor 
GPU RSX ™ Reality Synthesiser 
Sound Dolby 5.1 ch., DTS, LTCM etc. (Cell-based 
processing) 
Memory 256 MB XDR Main RAM, 256 MB GDDR3 
VRAM 
HDD 2.5” Serial ATA 20 GB/ 60GB 
I/O USB 2.0 (x4) 
MemoryStick/SD/ 
CompactFlash 
- 
Communication Ethernet  
IEEE 802.11 b/g  
Bluetooth 2.0 (EDR)  
Wireless controller (Bluetooth)  
AV Output Screen size 480i, 480p, 720p, 1080i, 1080p 
HDMI out (x1, HDMI Next Gen) 
AV Multi out (x1) 
Digital out (optical) (x1) 
BD/DVD/CD Drive 
(read only) 
Maximum read speed BD 2x (BD-ROM) 
DVD 8x (DVD-ROM) 
CD 24x (CD-ROM) 
Super Audio CD 
This section details the hardware architecture of next generation consoles and compares and 
contrasts the specifications of Xbox One and PlayStation®4. PlayStation®4 offers high 
performance gaming while Xbox One is positioning itself as an “all-in-one” gaming and 
entertainment device. A comparison between the hardware specifications and functions 
available on PlayStation®3 and PlayStation®4 highlights the significantly improved 
performance of next generation consoles compared to their predecessors. 
4.4 Improving the energy efficiency of next generation consoles 
There are numerous efficiency improvements that can be or have already been made for 
consoles, or that have been recommended in order to reduce their electricity use based on: 
 Use in existing consoles; 
 Use in other consumer electronic products, such as PCs or laptops; 
 Views of experts and stakeholders; and 
 Expected technological innovation. 
It has been highlighted that more research is needed to understand the relative contribution 
of different components in computer systems to progress their electrical efficiency as a 
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whole (Koomey et al., 2011). Computer power consumption includes power supply 
conversion losses and electricity used by disk drives, network cards and other components. 
It is therefore important to consider which console components hold the greatest potential 
for efficiency gains to improve the overall efficiency of games consoles. 
There are two main ways to reduce the electricity use of games consoles: 
 Reduce the time the device spends switched on - the main factor in determining 
how long a console spends switched on is the user. No efficiency improvement can 
stop a user playing games for 10 hours/day, but it can reduce the time a console 
spends switched on but not being used, or inactive. This includes improvements such 
as Auto Power Down (APD) and suspend to RAM (described below in Section 4.4.1 
and 4.4.8 respectively), however, these do rely on users leaving the features enabled 
(switched-on) on their console; and 
 Reduce the power consumption of the device - this can be more effective than 
reducing the time a console spends switched on as it does not involve any user 
choice, rather it is inherent in the design of the console hardware. 
The following sections describe the efficiency improvements that could be or have already 
been used in next generation consoles to improve efficiency through either reducing power 
consumption or reducing the time the console spends switched on. The data used to 
estimate the potential electricity saving of each efficiency improvement is summarised in 
Section 4.8. 
A recent study on the electricity use of gaming PCs discusses the opportunities for efficiency 
improvements at the component level (Mills & Mills, 2015). Of the opportunities 
recommended, many are considered in this study. However, opportunities for efficiency are 
identified which are not considered in this study include the fan, voltage reductions, storage, 
the operating system and the motherboard. As described below, some of these aspects of 
console electricity use are very difficult to isolate from one another, for example voltage 
reductions. Further, operating system and motherboard improvements are difficult to 
measure and are very product specific. Further research could consider the opportunities 
not explored in this study to estimate the efficiency gains that could be achieved by these 
efficiency improvements, should they be implemented in games consoles. 
While other efficiency improvements exist that could improve next generation consoles’ 
efficiency, the improvements discussed below are selected based on their suitability for 
games consoles, i.e. they do not impede functionality, and the availability of data to enable 
an estimate of electricity saving to be made. The choice of improvements included in this 
analysis is also influenced by the improvements being considered through the various on-
going policy development processes for games consoles. In addition, this analysis does not 
consider the most efficient ‘off the shelf’ components such as CPUs and GPUs. Although such 
components could be used in games consoles, they are often prohibitively expensive and 
compromise performance for efficiency. The use of such components could create a perverse 
incentive whereby games console consumers are dissatisfied with console performance, 
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leading them to switch to much higher power gaming systems such as gaming PCs that can 
consumer up to 2,000 W. Technologies not considered in this assessment include: 
 Hard off switch – this is a switch on the console itself that is an alternative to 
switching the console off at the wall and was recommended in the Eco-design 
Directive preparatory study for games consoles (AEA, 2010). A hard off switch is not 
considered in this assessment as next generation consoles have features that rely on 
maintaining a network connection to download system updates and games while not 
being used; to supply power to USB ports for charging of peripherals when the 
console is in standby mode; and to respond to voice commands to wake the console 
up. A hard off switch would not be compatible with these new features, and is 
therefore deemed inappropriate for next generation consoles. In contrast, standby, 
networked standby and suspend modes are considered in this assessment as they 
are compatible with the features described above which can still operate in these 
lower power modes; and 
 Chip level improvements – in addition to SoC and die shrink, described below, there 
are numerous chip level improvements that can be made, such as voltage scaling 
and improved parallel computing. However, separating the effect of these 
improvements from one another is very complex. In addition, they are gradually 
introduced to chips similar to those used in consoles and so it is likely that these are 
already accounted for, to an extent, in the chip improvements already considered. 
4.4.1 Auto Power Down (APD) 
APD is a software feature that switches an appliance to a low power standby mode after a 
set period of inactivity. This reduces the likelihood of appliances being left switched on while 
not in use, or inactive, for indefinite periods. 
All HD consoles have an APD feature available, although until 2012 this was disabled by 
default on new consoles sold in Europe. As of January 2013, products had to comply with 
new legislation that mandates the availability of an APD function (European Commission, 
2008): 
“When equipment is not providing the main function or when other energy using products 
are not dependent on its function, equipment shall, unless inappropriate for the intended 
use, offer a power management function that switches equipment after the shortest possible 
period of time appropriate for the intended use of the equipment, automatically into: 
 Standby mode; or 
 Off mode; or 
 Another condition that does not exceed the applicable power consumption 
requirements for off mode and/or standby mode when the equipment is connected 
to the mains power source. The power management function shall be activated 
before delivery”. 
Current minimum requirements for games console APD are laid out in the console 
manufacturer’s voluntary agreement (Console Manufacturers, 2013), which details 
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requirements proposed by manufacturers in response to the Eco-design Directive study that 
includes games consoles in its scope (AEA, 2010). The agreement includes two separate APD 
times, one for media modes and one for all other modes. When playing media, consoles are 
programmed to power down after a maximum of four hours of inactivity, rather than the 
default maximum of one hour for all other modes. This is to account for the fact that users 
may not need to interact with the console for extended periods when it is playing media. 
Users would find it annoying if the console were to power down prematurely during a movie 
and research has shown that too short a period of inactivity can lead to users disabling the 
feature altogether, resulting in the converse effect to that expected, i.e. increasing the time 
spent inactive (Energy Center of Wisconsin, 2010). 
4.4.2 Standby 
A low power mode found on most electrical devices, standby is defined as (European 
Commission, 2008): 
“ a condition where the equipment is connected to the mains power source, depends on 
energy input from the mains power source to work as intended and provides only the 
following functions, which may persist for an indefinite amount of time: 
 Reactivation function, or reactivation function and only an indication of enabled 
reactivation function; and/or 
 Information status display”. 
Current requirements in standby mode are as follows (European Commission, 2008): 
 0.5 W for equipment providing only a reactivation function, or providing only a 
reactivation function and a mere indication of enabled reactivation function; and 
 1.0 W for equipment in any condition providing only information or status display, 
or providing only a combination of reactivation function and status display. 
Standby mode is the default off setting for both HD consoles and new PlayStation®4 and 
Xbox One consoles in Europe. 
4.4.3 Networked standby 
As above for standby, networked standby power consumption is regulated under the Eco-
design Directive. Networked standby is defined in the regulation as (European Commission, 
2013b): 
“a condition in which the equipment is able to resume a function by way of a remotely 
initiated trigger from a network connection”. 
Where remotely initiated trigger is defined as: 
“a signal that comes from outside the equipment via a network”. 
Networked standby is a low power mode, in which a device maintains a network connection 
that can receive wake up signals via a network connection. PlayStation®3 has a networked 
standby mode, known as ‘Remote Play’, that allows users to access their content and games 
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via a PC or a handheld PSP® or Vita® console. PlayStation®4 also has a networked standby 
mode. In order to maintain a connection with the network, the power limits set for 
networked standby in the regulation are higher than those required in the standby 
regulation. The following power consumption limits, and date of implementation, for 
networked standby modes are applicable to all energy using products including consoles: 
January 2015 - 6 W 
January 2017 – 3 W 
January 2019 – 2 W  
4.4.4 Efficient power supplies 
Mains electricity is supplied to homes as alternating current (AC), in which the flow of electric 
charge periodically changes direction. Although many domestic appliances can use electricity 
in this form, other appliances such as games consoles need it to be converted to direct 
current (DC), in which the flow of electric charge is in one direction only. 
AC/DC power supplies are used to convert the electricity from AC to DC so that it can be used 
by the components in a games console. During the process of conversion however, some of 
the power is lost as waste heat. For example, if a console requires 203 W to operate and the 
conversion efficiency of the power supply is 81%, 250 W is drawn from the socket. In this 
example, 47 W of power is lost as waste heat. If the conversion efficiency was 91%, then only 
223 W would be drawn from the socket and the power lost as waste heat would fall to 20 W; 
equivalent to over a 50% reduction. 
The efficiency of power conversion depends on the load placed on the power supply. 
Generally, the efficiency peaks at around 50% load of the power supply. As an example, 
Figure 4.1 shows the efficiency curve for the CorsairVX 450 W power supply at both 115 v 
and 230 v, which demonstrates the range in efficiency at different operating loads. As shown, 
conversion efficiency is lowest at 20% load, peaking at around 50% load and then falling again 
as load approaches 100% (although the maximum range in efficiency is ~5%). It is therefore 
important to consider at what load games consoles normally operate. Over the lifetime of 
PlayStation®3 the rated power of the power supply has fallen from 380 W in the launch 
model to 190 W for the model on sale in 2013 (SONY, 2012b), where rated power draw 
represents the maximum power a device’s power supply can handle (TIAX, 2007). The power 
supply has been changed to maintain an efficient operating range as the power consumption 
of the console has decreased. Console testing in Chapter 3 has shown that the power 
consumption in active gaming on the launch model was around 200 W, falling to around 80 
W in the most recent revision. Considering these numbers suggests that PlayStation®3 
consoles operate between 40-60% of the power supply load, where conversion efficiency is 
usually highest. 
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Figure 4.1 Efficiency curve for the CorsairVX 450 W AC/DC power supply (Silent PC Review, 
2007) 
4.4.5 Energy proportional computing/ power scaling 
Energy proportional computing, or power scaling, is the ability of a product to dynamically 
and proportionally vary its power consumption as its workload changes (ECOS, 2011). 
A study of the power scaling capability of a wide variety of consumer electronics products 
found that some products scaled their power consumption much more effectively than 
others. The Lenovo laptop was shown to be extremely effective at power scaling, with power 
consumption ranging by a factor of four among the tasks tested, while consoles were 
described as a product group that exhibited “very poor” power scaling capabilities (ECOS, 
2011). When a games console is playing a game, the GPU is fully utilised to process significant 
amounts of data in order to render detailed and quickly changing images on screen. In 
contrast, when a games console is being used to browse the Internet for example, the GPU 
processing required is minimal. The power consumption measurements reported by ECOS 
(2011) for PlayStation®3 show a difference of around 13 W (15%), between active game play, 
the most power intensive mode, and while inactive. Measurements for a Lenovo laptop show 
a difference of 73 W (83%) between looking through pictures and while inactive (ibid.,). 
Inherent differences between these products affect their scaling capability. Firstly, the laptop 
is a mobile product so battery life is an important consideration versus the games console 
that is designed to use an AC power source. This does not mean, however, that the scaling 
of the console could not be improved, if not to match that of the laptop, at least to more 
effectively scale the power consumption between modes. The extent to which scaling in 
games consoles could be improved is considered in Section 4.8.5. 
Kaushik et al. (2013) state that power consumption has become an important design 
consideration for integrated circuits as feature size has decreased and clock frequencies 
increased; where feature size refers to the minimum transistor size (Arnold, 2009), and clock 
frequency or rate refers to the number of instructions that a processor can execute per 
second, measured in Hz (Zandbergen, 2014). Various technologies are available at the 
microprocessor level to facilitate improved scaling between functions. Microprocessors 
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control the activities of computers and electronic devices and are responsible for a significant 
proportion of system power consumption as a whole; the Eco-design Directive report on 
desktop computers suggests that around 50% of the total system power consumption is 
attributable to the CPU and GPU (IVF Industrial Research and Development Corporation, 
2007). Specifically, considering the estimates for PlayStation®4 consoles in Section 4.8.7, the 
estimated Thermal Design Power (TDP) of the SoC is 125 W and the maximum rated power 
250 W (where TDP is defined as “the maximum power a processor can draw for a thermally 
significant period while running commercially useful software” (Huck, 2011)), suggesting that 
the SoC could also account for around 50% of total power consumption at full load. 
Transistors are the building blocks of computers and microprocessors contain many millions 
of transistors (Sori, 2012). For example, the Intel Ivy Bridge four core CPU has 1.2 billion 
transistors (Shimpi, 2013b). The transistors used in computers are Metal Oxide 
Semiconductor Field Effect Transistors (MOSFETs), made from layers of material deposited 
on a silicon substrate (Toms Hardware, 2011). MOSFETs have three connections, called the 
source, gate and drain and act as switches that control the routing of data elements (ibid.,). 
There are two main components of microprocessor power consumption (Kim et al., 2003): 
1. Static power – this is the current that leaks through transistors even when they are 
turned off. The reduction in microprocessor size has led to increased leakage and 
consequently static power dominating the overall power consumption; and 
2. Dynamic power – arises from the switching of active devices, such as transistors, 
when tasks are being performed (Kaushik et al., 2013). Historically, dynamic power 
was a significant source of power consumption. Dynamic power is proportional to 
the square of the supply voltage, so reducing voltage can reduce power 
consumption; however, there is a limit to how much voltage and current can be 
reduced, known as Dennard Scaling, in order for microprocessors to continue to 
operate reliably. In order to overcome this limit to voltage reductions, multicore 
processors were introduced with the intention of continuing proportional 
performance scaling by increasing the transistor count to integrate more cores 
(Esmaeilzadeh et al., 2013). 
Power gating and clock gating are two design approaches that are able to reduce the static 
and dynamic power consumption of microprocessors respectively. Power gating reduces the 
number of devices; this involves only switching on the supply voltage to a unit when it is 
required (Butts and Sohi, 2000). Clock gating is described as one of the most effective and 
widely used techniques to save power in microprocessors by selectively disabling parts of 
the circuitry to reduce the power dissipation (Kaushik et al., 2013). 
Although the PlayStation®3, and other HD consoles demonstrate some limited ability to scale 
their power consumption according to the workload placed upon them, compared to other 
computing devices further efforts could increase the scalability between functions, resulting 
in an electricity saving (as is now the case with PlayStation®4 which uses energy proportional 
computing as in Section 4.8.5). 
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4.4.6 Die shrink 
Also known as process shrink and optical shrink, die shrink refers to a process whereby 
semiconductor manufacturers migrate an existing microarchitecture design onto a smaller 
process technology (Simar, 2003). As stated by Koomey et al. (2011): 
“the driving factor for power reduction was (and is) the push to reduce the physical 
dimensions of transistors, which reduces the cost per transistor. To accomplish this 
goal, power used per transistor must also be reduced; otherwise the power densities 
on the silicon rapidly become unmanageable”. 
Therefore, migrations of a microarchitecture design to smaller process technologies are 
accompanied by a drop in power consumption. 
Intel follows what they call a “Tick-Tock” model (Figure 4.2). A “Tick” advances the 
manufacturing technology. The typical increase in transistor density enables new 
capabilities, higher performance levels and greater energy efficiency, all within smaller 
versions of the previous “Tock” microarchitecture i.e. through a die shrink. Each “Tock” 
signals the introduction of the next big innovation in processor microarchitecture. 
Microarchitecture advancements seek to improve energy efficiency and performance as well 
as functionality and density of features (Intel, 2013). 
 
Figure 4.2 Diagram showing the Intel Tick Tock model (Intel, 2013) 
Both the CPUs and GPUs in PlayStation®3 and Xbox 360 HD consoles have undergone die 
shrink since the launch models of these consoles were first manufactured. As discussed in 
Chapter 3, hardware improvements, including die shrink, led to a reduction in power 
consumption of 60% in active gaming mode for PlayStation®3 consoles from 198.2 W at 
launch to 77.9 W in 2012. Figure 4.3 shows the die shrink that has occurred to the Xbox 360 
CPU and GPU and the transition from discrete CPU and GPU to a System-on-a-Chip (SoC) 
(Jensen and Drehmel, 2010). SoC technology is described in more detail in Section 4.4.7. 
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Figure 4.3 Slide from a presentation detailing the die shrink that has occurred for Xbox 360 
(Jensen and Drehmel, 2010) 
The process of die shrink is related to the ability to fit an increasing number of components 
onto a single die or chip. In 1965 Gordon Moore, one of the co-founders of Intel, made an 
observation that the number of components per chip had increased at a rate of roughly a 
factor of two per year (Moore, 1965). Further, Moore also observed that for simple circuits 
the cost per component is nearly inversely proportional to the number of components (ibid.,) 
As such, the impetus for power reductions is the push to reduce the physical dimensions of 
transistors, which also reduces cost (Koomey et al., 2011). It is uncertain how much longer 
die shrink will continue with traditional silicon due to the physical limits of the material itself, 
although it is rumoured that Intel already plan to manufacture 5 nm chips in 2019 (Toms 
Hardware, 2012). This is not to say, however, that other technologies and materials will not 
replace silicon, for instance graphene is already being explored as an alternative (BBC, 2011). 
4.4.7 System on a Chip (SoC) 
A SoC is defined as “all the electronic circuits required for a complete working product 
contained on a single chip” (PCMAG.COM, 2013). Historically in computing, components 
such as the CPU and GPU have been discrete processor chips, although in some cases, like 
the PlayStation®3, they may be integrated onto the same motherboard. Most commonly, 
SoC technology is used in small increasingly complex consumer electronic devices (Rouse, 
2011). 
SoCs are predominantly used in mobile computing applications such as smartphones and 
tablet computers. This is due to two main factors (Anthony, 2012): 
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 Size – generally only slightly larger than a CPU, but with a lot more functionality, SoC 
technology has allowed complete computers to be installed in smartphones and 
tablets; and 
 Power consumption – due to their highly integrated nature, SoCs reduce power 
consumption. This is an important consideration for mobile devices that depend on 
battery power. 
In addition, reducing the area of the chips required significantly reduces manufacturing costs. 
Furthermore, there is also likely to be a positive environmental impact as the energy required 
to yield silicon wafers to semiconductor grade is 160 times higher than for typical silicon; 
reducing the area of the silicon in devices will reduce electricity use in manufacture (Williams 
et al., 2002). The contribution of manufacturing electricity use to the total lifecycle impacts 
of games consoles is unknown, however, this could yield significant energy savings and is 
worthy of further research. 
Both the Xbox One and PlayStation®4 employ AMD x-86 64 based SoCs that are designed 
for mobile computing devices (AMD, 2013a). 
4.4.8 Suspend to RAM 
Suspend to Random Access Memory (RAM) is defined in the Advanced Configuration and 
Power Interface Specification (Hewlett-Packard Corporation et al., 2011) as: 
“S3 Sleeping State – The S3 sleeping state is a low wake latency sleeping state where all 
system context is lost except system memory. CPU, cache and chip set context are lost in this 
state. Hardware maintains memory context and restores some CPU and L2 configuration 
context. Control starts from the processors reset vector after the wake event.” 
A suspend to RAM feature powers down the device and saves a user’s progress (i.e. the state 
of the operating system and active applications). This allows the user to resume progress 
within a few seconds without any loss of data. Suspend to RAM reduces the time a console 
spends switched on and replaces it with time spent in a low power mode, thus reducing 
electricity use. The fact that there is no negative impact on the user’s experience, i.e. loss of 
data and/or progress, makes it unlikely that the feature will be disabled, hence improving 
the effectiveness of this efficiency improvement. In fact, this analysis considers that no users 
will disable the feature. 
Xbox One offers a suspend to RAM feature (xbox.com, 2014), however, due to technical 
difficulties suspend to RAM is not available from launch on PlayStation®4 although it is 
planned for introduction (Techradar, 2013). 
4.4.9 Low power peripheral charging 
Peripherals for games consoles include controllers, motion controllers and headsets. Most 
peripherals for consoles now operate wirelessly and contain rechargeable batteries to power 
them, which require recharging periodically. HD consoles must be switched on to charge 
peripherals if the peripheral has a rechargeable battery pack as opposed to disposable 
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batteries (the wireless Xbox 360 controller can use disposable AA batteries or a separate 
rechargeable battery can be purchased with a cable to connect it to the console). 
PlayStation®4 has an ARM processor separate to the main SoC that manages the console 
functionality while powered down, including network reactivation (networked standby), 
suspend to RAM and low power download (see below) (PS4 Daily, 2013). To charge in a low 
power mode the USB ports are supplied with power, controlled by the ARM processor. On 
PlayStation®4, the peripheral charging feature is shipped default disabled in Europe and 
users can enable the feature in the settings menu. A low power peripheral charging mode 
can reduce the time a console spends switched on for those users that currently leave their 
consoles on to charge peripherals. 
4.4.10 Separate charging circuitry 
In addition to considering a low power peripheral charging mode, as explained above, 
another option to improve the efficiency of peripheral charging could be the inclusion of 
separate hardware circuitry for this purpose only. This would be equivalent to the hardware 
of a standalone charging station (see Figure 4.4), with its own AC/DC power supply, being 
added to a console. In contrast to low power peripheral charging described above, this would 
operate independently to the rest of the system. Charging stations (sold separately to 
consoles) are available for both Xbox One and PlayStation®4 controllers. Some laptops 
already offer a similar functionality which allows users to charge USB devices for 1 W, via a 
DC power supply from the external adapter (Toshiba, 2014). 
 
 
Figure 4.4 Picture of a DUALSHOCK®4 charging station 
4.4.11 Low power download 
The time a console spends switched on is estimated to increase as more games become 
available for download and consoles are left inactive while downloading (AEA, 2010, Market 
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Transformation Programme, 2009a). Reflecting this increase in content available for 
download, such as games, movies and TV shows, the Hard Disk Drive (HDD) storage of 
consoles has increased significantly over time. The PlayStation®3 launched with either a 20 
GB or 60 GB HDD, with the latest model on sale in 2013 offering a 500 GB HDD. Next 
generation consoles launched with a 500 GB HDD that, in combination with the increasing 
content available for download, also accounts for the larger file sizes of new games. For 
example, the PlayStation®4 version of NBA 2K14 requires HDD space of 41.8 GB compared 
to NBA 2K13 for PlayStation®3 that requires just 9 GB (Sony Entertainment Network, 2013). 
Both next generation consoles offer a low power download feature that allows users to 
power down their console, rather than leaving it switched on but inactive, to download 
content. In addition to movies and games, system updates can also be downloaded in this 
mode. This will help to reduce the time a console spends switched on while users wait for 
content to download. 
4.4.12 Separate video circuitry 
HD consoles have come under criticism for their relatively high power consumption in media 
playback modes. NRDC (2008a) first highlighted this issue in their report; this showed that 
the launch models of Xbox 360 and PlayStation®3 HD consoles used between 18-25 times 
more power than the most efficient standalone DVD player tested. Further weight has been 
added to this argument with the advent of media streaming services on HD consoles such as 
Netflix and BBC iPlayer. The difference in power consumption between streaming devices 
and HD consoles is even greater; Apple TV uses less than 2 W to stream media (Roettgers, 
2011) versus a PlayStation®3 on sale in 2013 that uses 66 W (see Chapter 3). 
To address this large disparity in power consumption between devices providing the same 
function, it has been suggested that console manufacturers could include a separate video 
circuitry to play media (AEA, 2010). This would involve putting a separate standalone video 
circuitry inside each console, alongside the normal game console system hardware (CPU, 
GPU, RAM, HDD etc.). For example, the third generation Apple TV streaming device includes 
a single core A5 chip (32 nm), an in built 6 W universal power supply, ports and interfaces 
including HDMI, Micro-USB and Optical audio, and Wi-Fi connectivity. Although the 
standalone media hardware would be a separate system, the console system would still need 
power to operate in parallel, and would remain powered-down when the separate video 
circuitry is in operation. The same is true for the opposite situation where the console is in 
operation and the separate video circuitry is powered down. 
4.4.13 Summary 
This section has described the efficiency improvements that can be used to reduce next 
generation console electricity use. The efficiency improvements range between those that 
will reduce the time a console spends switched on by providing alternative lower power 
modes, and those that will reduce the power consumption of the device. The potential 
magnitude of electricity savings that could be achieved for each efficiency improvement is 
estimated below. 
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4.5 Methodology 
This research uses the Typical Electricity Consumption (TEC) methodology to calculate the 
electricity use of PlayStation®4 consoles (see Section 2.4 for a detailed explanation). 
Both the annual electricity use per unit, and the total cumulative electricity use of 
PlayStation®4 consoles in use, is estimated using TEC methodology. Various scenarios are 
considered including an actual PlayStation®4 estimate based on measured power 
consumption values, and an estimate of what PlayStation®4 electricity use would have been 
had no efficiency improvements been introduced (providing a baseline against which the 
electricity saving potential of each efficiency improvement is estimated). 
The TEC method is chosen for this research as it used in similar studies that evaluate the 
electricity saving potential of either efficiency improvements, or regulations and standards. 
As used already in Chapters 2 and 3, TEC provides a straightforward approach to estimating 
the electricity use of products through simply multiplying the power consumption of a 
particular mode by the time spent in that mode (Intertek, 2013). Both the electricity use of 
consoles on sale and the stock of consoles in use are considered, as this is the approach taken 
in evaluation of console electricity use to date (AEA, 2010, EnergyConsult, 2012a). The 
generic TEC equation for estimating product electricity use is: 
𝑻𝑬𝑪 = (𝑷𝟏𝒙𝑻𝟏) + (𝑷𝟐𝒙𝑻𝟐) + ⋯ (𝑷𝒏𝒙𝑻𝒏)  Equation 3 
Where TEC = electricity use in Wh, P = power in Watts, T = time in hours, 1, 2… n = different 
modes, and ∑T = 8,760 hours/year. 
Another method considered for use in this study was the “Cost of Conserved Energy” (CCE) 
that is used in studies of Televisions and PC monitors (Park et al., 2013b, Park et al., 2013a). 
CCE is a metric that assesses the desirability of energy efficiency policies through comparing 
the cost of saving electricity, for example the cost of the extra components that improve 
efficiency, and the cost of providing electricity. The main problem with this approach is 
quantifying the cost of implementing an efficiency improvement. Not only is the information 
regarding the hardware of next generation consoles and even HD consoles extremely 
confidential, some aspects of costs are almost impossible to quantify. For instance, 
attributing the additional research and development costs to implement a specific efficiency 
improvement would be a complex process that would have to consider overheads such as 
the person-hours spent designing and implementing the change and the marginal cost of 
components. It is acknowledged, however, that the cost effectiveness of efficiency 
improvements is an important consideration in evaluating which offer the most effective 
electricity savings. Furthermore, the European Eco-design Directive explicitly states that “the 
product shall present significant potential for improvement in terms of its environmental 
impact without entailing excessive costs” and that “there shall be no significant negative 
impact on consumers in particular as regards the affordability and the life cycle cost of the 
product” (European Parliament and Council, 2009). 
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4.6 Scope 
This study considers the potential magnitude of the electricity savings of the different 
efficiency improvements (described above) based on the case of PlayStation®4 in Europe. 
The scope of this study is limited to PlayStation®4 consoles for a number of reasons: 
 Limited opportunities exist for further electricity savings in HD consoles 
(PlayStation®3 and Xbox 360) – the power consumption of PlayStation®3 consoles 
has fallen by almost 60% in active gaming mode, see Table 3.7 for detailed test 
results, with similar reductions experienced for Xbox 360 consoles (NRDC, 2008a, 
NRDC and Energy Solutions, 2011). The power consumption test results in Chapter 3 
show that the rate of decrease in PlayStation®3 power consumption has slowed 
considerably, with more recent power reductions in the region of 1-2 W between 
models, versus earlier reductions in the region of 6-10 W. This suggests that the 
opportunities for reducing PlayStation®3 power consumption are becoming 
increasingly marginal and it is likely that R&D resources will be allocated to 
PlayStation®4. Furthermore, as shown in Table 3.6, PlayStation®2 consoles 
experienced a reduction in active gaming power consumption of around 62% over 
the whole product lifetime, equal to the reduction already achieved for 
PlayStation®3. In addition, with PlayStation®4 and Xbox One now on sale with 
significantly improved functionality and gaming experience, sales of HD consoles are 
likely to continue to fall following their peak in 2011 (VGChartz, 2013a); as such it is 
the electricity use of the stock of consoles in use that will have the greatest impact, 
which cannot be significantly changed; 
 Further improvements in HD console energy efficiency are not economically viable 
– PlayStation®3 and Xbox 360 were launched between 2005 and 2007 with the 
hardware development costs reported to be in the region of $400 million (Kahle et 
al., 2005). Console hardware is a loss-leader, often sold at a loss particularly near to 
product launch (Hittinger et al., 2012), and so significant investment in efficiency 
improvements, such as changes to the hardware architecture, is unlikely to be 
economically viable for manufacturers at this late stage in the product lifetime. 
Manufacturers rely on software sales over the lifetime of the product to cover the 
initial loss in hardware costs (ibid.,). With the launch of next generation consoles in 
November 2013, it can reasonably be expected that any expenditure by 
manufacturers to change the hardware of HD console models substantially is unlikely 
to recouped. In addition, manufacturers are likely to have introduced the most cost 
effective efficiency improvements, with any remaining opportunities likely to offer 
minimal improvement for a high cost; hence why they have not already been 
adopted; 
 Without efficiency improvements the electricity use of next generation consoles is 
estimated to be significantly higher than HD consoles – The performance and 
functionality of PlayStation®4 and Xbox One consoles launched in 2013 is much 
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higher than HD consoles. For example, the lead architect of the PlayStation®4 
hardware stated “we set our target at 10 times the PlayStation®3’s performance” 
(Cerny, 2013). The research in Chapter 3 shows that increased performance and 
functionality, alongside increased sales and usage of games consoles has led to 
increased electricity use. The total electricity use of PlayStation®2 consoles was 
around 3.0 TWh higher than PlayStation® consoles in Europe, estimated to be 
around 5.1 TWh versus just 2.0 TWh for the PlayStation®. Furthermore, the 
cumulative electricity use of PlayStation®3 consoles has already exceeded that of 
PlayStation®2 consoles (Section 3.8). Without any improvements in energy 
efficiency, this trend would continue for PlayStation®4. It is therefore valuable to 
consider the extent to which the electricity use of PlayStation®4 consoles can , and 
already has, been reduced through the introduction of efficiency improvements; and 
 Xbox One is not considered – the study focuses only on PlayStation®4, as at the time 
of study, before the launch of next generation consoles in November 2013, no 
information was publicly available regarding the specifications of Xbox One or 
PlayStation® 4. However, given that the research engineers’ position within SCEE it 
was possible to use internal data to guide the research, ensuring that the estimates 
were representative of PlayStation®4. Now that Xbox One has launched, further 
research could estimate the potential electricity savings possible on this platform 
compared to PlayStation®4. 
Another important consideration is the increasing number of thin client console platforms 
on the market that are competing for market share with traditional home games consoles 
such as PlayStation®3 and Xbox 360. A thin client is defined as “an independently-powered 
computer that relies on a connection to a remote computing resource to obtain primary 
functionality” (AEA, 2010). Thin client gaming devices are already on sale, such as OnLive 
(OnLive, 2013) and Ouya (Ouya, 2013) although it is uncertain as to how successful these 
consoles will be. Reflecting the uncertainty about the potential success of thin client 
consoles, the report published by AEA (2010) considers a scenario where sales of gaming 
devices in the future are split 50/50 between traditional home consoles and thin client 
consoles. Thin client consoles are marketed as cloud gaming devices where games are 
available in the same manner that video on-demand services, such as Netflix, have become 
widely available, where cloud gaming refers to “games that are streamed to Internet 
connected devices” (Gaikai, 2013). 
Thin client consoles are not considered in this analysis as they are low power devices that 
function very differently to traditional home games consoles, offer significantly lower 
performance and functionality to that of next generation consoles and are not comparable 
in terms of hardware. Further research could work to establish the efficiency of this type of 
console compared to traditional home consoles. Enervee, a US consumer organisation, has 
attempted to rate the efficiency of all types of games console based on power consumption 
and hardware specifications. Although using only 6 W in active, the Ouya’s performance is 
estimated to be seven times lower than that of PlayStation®4 and Xbox One, giving it a score 
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of 67 out of a possible 100 (Enervee, 2013a). The PlayStation®4 and Xbox One score 100 and 
90 respectively, due to their significantly higher performance. Thin client consoles are also 
out of scope of both regulatory and voluntary policy discussions for games consoles to-date, 
including the Eco-design Directive Sound and Imaging Equipment preparatory study, the US 
Environmental Protection Agency recognition criteria for games consoles and the Californian 
Energy Commission Appliance Efficiency Rulemaking (AEA, 2010, United States 
Environmental Protection Agency, 2013, California Energy Commission, 2013). 
4.7 TEC Input Data 
Before the potential electricity savings of consoles can be estimated it is necessary to 
establish the data that will be used to calculate the TEC for PlayStation®4 consoles. As stated 
above, this research estimates both the annual electricity use per unit and the cumulative 
electricity use of PlayStation®4. Data are required for the usage, power consumption and 
sales of PlayStation®4 consoles. A retirement function is also used to estimate how long each 
console is used for (the estimated lifetime for each model of console sold). The following 
sections describe the data that will be used in calculating the PlayStation®4 TEC estimates. 
4.7.1 Usage Data 
Next generation PlayStation®4 and Xbox One consoles launched in November 2013 and 
therefore, no data are available for the usage of these consoles. To overcome this issue, data 
for the usage of HD consoles is used as the basis for estimates and assumptions are made 
relating to a potential increased usage and how much time is spent in each mode. 
An average usage profile for HD consoles was developed in Section 2.9.1 (Table 2.27 ). The 
time a console spends switched on is calculated as the mean of available estimates, 1.9 hours 
(Webb et al., 2013), and then split between the modes according to survey data for usage of 
Xbox 360 and PlayStation®3 in 2012 (Nielsen, 2013b). Confidential data was used to verify 
the accuracy of these estimates. As for the analysis in Chapter 3, this research focuses on 
PlayStation® platforms; instead of using the usage profile derived for HD consoles, the 
PlayStation®3 specific estimates derived in Chapter 3 (Table 3.9) will be used, which estimate 
that PlayStation®3 consoles are switched on for 1.7 hours/day as shown in Table 4.3. 
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Table 4.3 Usage estimates for PlayStation®3 consoles (h/day) 
Mode PlayStation®3 
Gaming 0.9 
Media 0.7 
Other 0.1 
Total on time 1.7 
Standby 17.6 
Networked Standby 4.6 
Total 24.0 
Due to an increased number of functions, such as the ability to record your gameplay and 
share it online, it is likely that next generation consoles will be used for longer on average 
each day. Chapter 2 estimates how usage may have increased between PlayStation® and 
PlayStation®2 consoles and between PlayStation®2 and PlayStation®3 consoles due to the 
addition of new functions such as DVD and Blu-ray playback, Internet browsing and online 
gaming. The only functions available on PlayStation® consoles were gaming and audio 
playback. PlayStation®2 added the ability to watch DVDs and later models were also able to 
connect to the Internet. PlayStation®3 has added even more functionality with Blu-ray 
playback, media streaming and motion controllers. It is assumed that the addition of 
functions has led to increased usage, with almost 50% of usage attributed to media and other 
functions on HD consoles (Table 4.3). In terms of additional features, PlayStation® consoles 
only played audio discs (assumed to be accounted for in other functions as it was only a 
minor feature) so it is assumed that usage has increased linearly between product platforms. 
This equates to an increase of 25% between each PlayStation® platform to date, which is 
attributed to new secondary functionality such as media playback, while the time spent 
gaming is assumed to remain the same, as this is the main function. As such, an increase in 
usage of 25% is assumed for PlayStation®4 consoles, which is applied to all active modes 
including gaming as there are new features that enhance the gaming experience (as 
described above). In addition to the increase in active usage anticipated for PlayStation®4, 
the use of the networked standby functionality is also estimated to increase. This is due to 
numerous new functions on PlayStation®4 that require either more power to operate, such 
as low power peripheral charging, or a network connection, such as downloading updates 
automatically. As standby mode cannot provide this functionality, time previously spent in 
standby is assumed to be replaced with time spent in networked standby. It is assumed that 
all consoles connected to the Internet will activate the networked standby function. A survey 
conducted in 2010 in the United States found that 78% of PlayStation®3 consoles were 
connected to the Internet (VGChartz, 2010); this figure is used in the baseline for 
PlayStation®4 consoles and is tested using sensitivity analysis. 
Considering the above, an average usage profile for PlayStation®4 consoles is derived for this 
study, shown in Table 4.4. 
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Table 4.4 Usage estimate for PlayStation®4 consoles (h/day) 
Mode PlayStation®4 
Gaming 1.1 
Media 0.9 
Other 0.2 
Total on time 2.2 
Standby 4.8 
Networked Standby 17.0 
Total 24.0 
4.7.2 Power Consumption Data 
Two sets of power consumption data are key for this analysis; measured power consumption 
data for PlayStation®4 consoles and the estimated power consumption of PlayStation®4 
consoles had no efficiency improvements been made (business as usual case). This allows 
the potential electricity saving of PlayStation®4 consoles to be estimated, in addition to 
identifying any further opportunities to improve energy efficiency. 
4.7.2.1 PlayStation®4 Power Consumption 
The PlayStation®4 power consumption values used in this study are mean measured values 
taken on a sample of five launch models. The testing procedure is identical to that described 
in Section 3.4.2; the console is connected to a power meter that records the power 
consumption in each mode at 1-second intervals. A mean of the readings taken over a 5-
minute period is calculated for each mode tested, with the mean for all five consoles 
calculated and used in this study. 
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Table 4.5 Measured power consumption of PlayStation®4 at launch 
Mode 
Power 
consumption (W) 
Gaming1 126.4 
Media2 96.7 
Other3 83.7 
Standby 0.3 
Standby (peripheral charging enabled) 6.3 
Standby (with a peripheral charging) 11.4 
Networked Standby4 2.7 
1 Gaming power consumption is the mean of measurements taken playing Angry Birds, Battlefield 4, Killzone 
and Knack 
2 Media power consumption is the mean of measurements taken playing a DVD, Blu-ray and streaming through 
Video Unlimited, the PlayStation®4 media service 
3 Other power consumption is the mean power consumption recorded in navigation mode. If left for 10 
minutes, the power consumption in navigation mode drops by almost 10 W to 74.9 W, however, it is uncertain 
as to how often the console would be left to enter this mode so the higher value is used 
4 Networked standby power consumption is measured with the option connect to the Internet selected in the 
“Set Functions Available in Standby Mode” menu 
4.7.2.2 Estimated Baseline Power Consumption (without efficiency 
improvements) 
This section derives baseline power consumption estimates, assuming that no efficiency 
improvements had been introduced to PlayStation®4. The maximum rated power of the 
PlayStation®4 launch model is 250 W (SONY Computer Entertainment Incorporated, 2013c), 
where the power rating of a device is the output power under specific or nominal operating 
conditions (OpenEI, 2013). The PlayStation®4 rated power is used as a starting point to 
estimate the baseline scenario power consumption in different modes. 
To estimate the baseline scenario power consumption it is first necessary to quantify (and 
work backwards from) the power savings of efficiency improvements already present in 
PlayStation®4 consoles. Improvements already introduced that reduce PlayStation®4 power 
consumption include efficient power supplies, System on a Chip (SoC), improved power 
scaling between modes and die shrink (as described above in Section 4.3). The reduction in 
power consumption achieved for PlayStation®4 by each of these approaches is estimated as 
follows: 
Die Shrink: The efficiency improvement as a result of die shrink is not considered in the 
calculation of the baseline scenario power consumption values because PlayStation®3 has a 
28 nm CPU, the same feature size as the SoC found in PlayStation®4 (Shilov, 2012). However, 
the effect of die shrink after the launch of PlayStation®4 is considered as it requires hardware 
alterations during the product lifetime. For a detailed description of die shrink, and the 
trends over time, see Section 4.4.6. 
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Efficient power supplies: The conversion efficiency of the AC/DC power supply in 
PlayStation®4 is 92% at 100% load (Sony Computer Entertainment Incorporated, 2013b). To 
estimate the baseline scenario power consumption, assuming no efficiency improvements, 
the PlayStation®3 AC/DC conversion efficiency of 86% at 100% load is used. The 
PlayStation®4 conversion losses are subtracted from the rated power to estimate the 
baseline scenario rated power, without conversion losses: 
250 × 0.92 = 230 𝑊     Equation 4 
Once the reduction in power consumption from other efficiency improvements is estimated 
and added to the rated power calculated above (230 W), the baseline scenario AC/DC 
conversion losses will be calculated and added on to the total. 
SoC: The reduction in power consumption achieved through the introduction of a SoC for 
PlayStation®4 versus discrete components of equivalent performance is estimated below. 
The power reduction is then added to the baseline rated power estimate (230 W). 
The PlayStation®4 has a bespoke SoC that integrates the CPU, GPU and the chip interfaces 
on to a single chip. To estimate the power reduction achieved by the use of a SoC it is 
necessary to estimate the power consumption of a discrete CPU and GPU of equivalent 
performance to those in the PlayStation®4. The CPU part of the PlayStation®4 SoC is an 
Advanced Micro Devices (AMD) X86-64 “Jaguar” 8 core chip, where X86-64 describes the 
instruction set that the microprocessor understands, and “Jaguar” is the codename for the 
AMD microarchitecture (Singh et al., 2013). No data were available in the literature for the 
power consumption of an 8 core x86-64 CPU on a 28 nm manufacturing process. As a result, 
data for processors with a similar specification were found. The AMD A4-5000, a “Jaguar” 4 
core SoC with a clock speed of 1.5 GHz and a TDP of 15 W (AMD, 2013b), and the AMD A6-
5200, with a clock speed of 2.0 GHz and a TDP of 25 W (ibid.,). An independent review of the 
Xbox One and PlayStation®4 hardware suggests that the lower clock speed of the AMD A4-
5000 would be favoured for use in next generation consoles as it has a lower TDP (Shimpi, 
2013a). There are, however, two issues with using the TDP of this SoC; the first is that the 
TDP includes GPU power consumption with an unknown contribution, and the second is that 
this only has 4 cores versus the 8 cores in the PlayStation®4 SoC. Following a consultation 
with AMD engineers, it is suggested that the TDP of an 8 core “Jaguar” chip would be around 
30 W, which considers only the CPU and interfaces (AMD, 2013e). 
The GPU part of the PlayStation®4 SoC is an AMD next-generation Radeon™ based graphics 
engine with 1.84 TFlops of processing power (Sony Computer Entertainment Incorporated, 
2013d). The AMD Radeon™ HD 7850 GPU has a similar specification, with 1.76 TFlops of 
processing power and a CPU clock speed of 860 MHz; the PlayStation®4 GPU runs at a clock 
speed of 800 MHz (Cunningham, 2013). The TDP of the Radeon HD 7850 GPU is 130 W (GPU 
Review, 2013). 
Summing the TDP of the AMD estimate for an 8 core “Jaguar” CPU and the AMD Radeon 
7850, of roughly equivalent performance to the SoC in PlayStation®4, gives 160 W. With a 
TDP estimate for discrete chips of equivalent performance to the PlayStation®4 SoC, this can 
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now be compared to the TDP of the actual SoC in the PlayStation®4 to estimate the power 
reduction. Unfortunately, the TDP of the PlayStation®4 SoC is proprietary data, instead the 
reduction in power consumption is estimated if these discrete chips were to be integrated 
onto a SoC. 
As both the SoC in the PlayStation®4 and Xbox One consoles are manufactured by AMD, the 
research engineer approached AMD for information about the power consumption of their 
processors over time. AMD launched its first independently designed processor in 1995 and 
describes itself as a company that “design and integrate technology that powers millions of 
intelligent devices, including personal computers, tablets, game consoles and cloud servers” 
(AMD, 2013d). Data supplied by AMD in Table 4.6 demonstrate the reduction in TDP over 
time as components have become increasingly integrated. Table 4.6 summarises the power 
consumption of mobile platforms’ processing components 
(CPU/GPU/Northbridge/Southbridge) over three generations of technology improvements 
(AMD, 2013e). This shows that there has been over a 90% reduction in power consumption 
for these components. There are however, three issues with this comparison. The first is that 
the energy reduction cannot be solely attributed to the transition from discrete components 
to an integrated SoC. For instance, alongside the increasing integration of components, there 
have also been reductions in the die size; the Athlon II Neo dual core was manufactured on 
a 45 nm process (AMD, 2013g) while the Kabini “Jaguar” SoC is manufactured on a 28 nm 
process (AMD, 2013c). It is unclear how much of the reduction can be attributed to die shrink 
and how much can be attributed to increased integration of components, in addition to other 
efficiency improvements that are likely to have taken place, such as voltage reduction. For a 
detailed description of the die shrink process, and how it affects the power consumption of 
microprocessors, see Section 4.4.6. Secondly, the performance of the components and 
systems considered in Table 4.6, although they are all designed for use in a mobile computing 
platform, will have significantly increased to keep pace with consumer demands and 
increasing functionality. The comparison does not consider improved performance so the 
numbers are likely to underestimate the improvement in efficiency. Finally, the performance 
of these systems is much lower than that of PlayStation®4 and so to assume a similar 
reduction in power consumption would be spurious. 
In conclusion, although the data in Table 4.6 gives an insight into how the power 
consumption of computing components has reduced over time, these data cannot be used 
to estimate specific electricity savings for PlayStation®4. 
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Table 4.6 Power consumption of AMD components over multiple generations of 
technology (AMD, 2013e) 
System specifications Power 
consumption in 
Windows idle (W) 
TDP (W) Feature size 
(nm) 
2010 era Nile platform with 
discrete components including 
Athlon II Neo dual core (CPU), 
AMD Radeon 5430 graphics 
(GPU), AMD RS 880M chipset, 
Northbridge, AMD SB 820 
chipset, Southbridge 
8.4 30.5 45 
2012 era Brazos 2 platform 
with semi-integrated 
components including E1-1200 
Accelerated Processing Unit 
(APU) and AMD A68M chipset 
2.0 22.7 40 
2013 Kabini Jaguar SoC with 
fully integrated components – 
AMD A4-5000 
0.8 15 28 
Further analysis is necessary to estimate what portion of the reduction in power 
consumption of the CPU/GPU, through transition to a SoC, is attributable to die shrink, as 
explained below. If this portion of the power reduction can be isolated then the effect of SoC 
on power consumption can be estimated. 
Data for CPUs with the same instruction set as the PlayStation®4 and Xbox One (x86-64) were 
collated from a public database (CPU DB, 2013) to try to identify any trends in power 
consumption, where the processor TDP is used to give an indication of the power 
consumption. Figure 4.5 shows the relationship between the feature size and performance 
of some x86-64 processors. Performance is measured using the benchmark test Standard 
Performance Evaluation Corporation (SPEC) fp2006, which measures and compares the 
compute-intensive floating point performance (Standard Performance Evaluation 
Corporation, 2013). In all cases, the efficiency of the 45 nm processors is greater than that 
65 nm processors; for instance at a power consumption of around 120 W, the performance 
of the 65 nm processor is 15 versus the 45 nm chips that are 17-18. The spread of data, 
however, suggests that there are other factors at play in addition to changing feature size. 
Figure 4.6 plots the same data but instead considers the end-use of the processor. 
Unsurprisingly, the lowest power processor is for use in mobile computing devices where 
battery life is a key design parameter. Grouping by end-use explains some of the variation, 
but there remains a factor of two difference in performance in some cases. 
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Figure 4.5 Scatter plot showing the performance of 4 core x86-64 processors in relation to 
their TDP and grouped according to their feature size 
 
Figure 4.6 Scatter plot showing the performance of 4 core x86-64 processors in relation to 
their TDP and grouped according to their end-use 
To attempt to isolate the effect of reducing feature size, a comparison between two desktop 
processors with similar performance and clock speed are compared. The specifications of 
these processors are summarised in Table 4.7. 
The data in Table 4.7 suggest that the transition to 45 nm process has resulted in a drop in 
TDP of 30 W, or 25%, all other things being equal. This indicates the extent to which reducing 
feature size can reduce the power consumption of processors, although with only one datum 
0
5
10
15
20
25
30
0 20 40 60 80 100 120 140 160
P
e
rf
o
rm
an
ce
 (
B
e
n
ch
m
ar
k 
Sp
e
cf
p
 2
0
0
6
)
TDP (W)
45nm
65nm
0
5
10
15
20
25
30
0 50 100 150 200
P
e
rf
o
rm
an
ce
 (
B
e
n
ch
m
ar
k 
Sp
e
cf
p
 2
0
0
6
)
TDP (W)
Servers
Desktops
Mobile
Amanda Webb  Doctoral Thesis 
190 
 
point, this information cannot be used to estimate the average reduction in TDP estimated 
through die shrink. 
Table 4.7 Comparison of two X86-64 desktop processors with similar performance (CPU DB, 
2013) 
Processor Manufacture 
date 
Specfp 
2006 
Clock speed 
(GHz) 
TDP (W) Feature size 
(nm) 
AMD Phenom 
X4 
01/07/2008 14.8 2.5 125 65 
AMD Phenom 
II X4 
01/02/2009 15.6 2.5 95 45 
From the above analysis of general trends, it has not been possible to quantify or estimate 
the relationship between TDP, performance, die shrink and end-use between processors. To 
estimate the power reduction likely from use of SoC on PlayStation®4, AMD provided an 
expert estimate of the reduction in TDP if discrete chips are integrated onto a SoC. AMD 
estimates that the introduction of a SoC reduces the TDP by around 22%. As discussed, the 
discrete components of equivalent performance to PlayStation®4 have a TDP of 160 W. 
Therefore, the TDP of a SoC of equivalent performance to PlayStation®4 would be: 
160 × 0.78 = 125 𝑊     Equation 5  
This results in an estimated 35 W reduction in TDP of the processors as a result of fully 
integrating the CPU, GPU and interfaces on to a single chip. 
Taking the rated power minus conversion losses (230 W), and adding the estimated 
reduction in TDP as a result of introducing a SoC gives: 
35 + 230 = 265 𝑊     Equation 6  
265 W is an estimate of PlayStation®4 power consumption with a discrete CPU and GPU 
without conversions losses. Adding back in the conversion losses, using the conversion 
efficiency of PlayStation®3 at 100% load (86%) gives an estimated rated power of: 
265
0.86
= 308.2 𝑊     Equation 7  
Improved power scaling between modes (Energy Proportional Computing): The baseline 
scenario power consumption estimates assume that there is no improvement in energy 
proportional computing. Power consumption measurements presented in Chapter 3 for the 
launch model of PlayStation®3 are used to establish the ratio in power consumption 
between active modes and the ratio between the highest active gaming power and the 
rated power. These ratios are then applied to the estimated baseline rated power to 
calculate modal power values. 
The estimated baseline rated power, 308.2 W, can now be used to estimate the baseline 
scenario power consumption in different modes. To estimate the difference between the 
rated power of PlayStation®4, 250 W, and the power consumption in different modes, the 
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maximum mean power consumption of PlayStation®4 is used. This is measured at 142.3 W 
and gives the following ratio between maximum power consumption and rated power: 
142.3
250
= 0.57      Equation 8  
Therefore, the maximum baseline scenario gaming power, without energy efficiency 
improvements, is estimated to be: 
308.2 × 0.57 = 175.4 𝑊    Equation 9  
To calculate the baseline scenario power consumption in different modes, the ratios of 
power consumption between active modes on the launch model of the PlayStation®3 are 
used, based on measured data (See Chapter 3). This assumes that the level of scalability 
between functions has not been improved in PlayStation®4. The following ratios for 
PlayStation®3 are used: 
Ratio between maximum active gaming power and mean active gaming power = 0.97  
Ratio between maximum active gaming power and media playback = 0.81 
Ratio between maximum active gaming power and navigation mode = 0.86 
This results in the following baseline scenario power consumption estimates: 
Active gaming:   175.4 × 0.97 = 170.2 𝑊   Equation 10  
Media playback: 175.4 × 0.81 = 142.3 𝑊   Equation 11  
Navigation:  175.4 × 0.86 = 150.4 𝑊   Equation 12  
Finally, it is also necessary to estimate baseline scenario power consumption in low power 
standby and networked standby modes. PlayStation®3 measured power consumption values 
are used to estimate the baseline scenario power consumption values. Networked standby 
power consumption is estimated to be the mean of all PlayStation®3 models tested in 
Chapter 3, giving a value of 11.7 W. For standby mode power consumption, the mean of 
measured values on models of PlayStation®3 sold before the standby regulations came into 
force is used, giving a value of 1.8 W. A summary of the estimated baseline scenario power 
consumption values are shown in Table 4.8. 
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Table 4.8 Baseline scenario power consumption estimates  
Mode Power consumption (W) 
Gaming 170.1 
Media 142.1 
Other functions/navigation 150.8 
Standby 1.8 
Networked standby 11.7 
4.7.3 Sales Data 
It is almost impossible to predict how many PlayStation®4 consoles will be sold, both over 
the whole product lifetime and from year to year. In the past, sales of consoles have been 
driven by the falling price of hardware, release of highly anticipated software titles and the 
peak Christmas trading period. Furthermore, there is no way to estimate the proportion of 
sales attributable to each next generation console. The sales of PlayStation®4 and Xbox One 
consoles since their launch in November 2013 have been unprecedented; more than 1 
million PlayStation®4 consoles were sold in the first 24 hours of the US launch making it the 
fastest selling console in history (Goldfarb, 2013). Sales in Europe have also been high, with 
sales to the end of December 2013 reaching 1.5 million (VGChartz, 2012a). Xbox One has also 
been successful with sales to the end of December 2013 reaching 750,000 in Europe (ibid.,). 
Although this would suggest that sales of next generation console could be higher than 
previous generations, it is impossible to say how sales will change in the future in what is a 
highly competitive market. As such, the mean of historic sales data is used, as described 
below. 
To estimate the electricity use of PlayStation®4, sales data are based on historic trends of 
console sales. VGChartz (2012b) reports the monthly sales of each console platform launched 
since 1996. For ease of comparison, the sales data have been collated to reflect annual sales 
from launch for each console platform, rather than annual sales on a calendar basis (Table 
4.9). This ensures that each value considers a full 12 month period, even if a console was 
launched part way through a year. Considering all platforms launched since 1996 – 2007, the 
mean sales for each year from launch is calculated. It is assumed that PlayStation®4 and other 
next generation consoles will follow the mean annual sales estimates. To test this 
assumption two other possible sales scenarios are considered in sensitivity analysis. 
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Table 4.9 European sales of games consoles launched since 1996 to December 2012 
(millions)(VGChartz, 2012b) 
Year from 
launch 
+1 +2 +3 +4 +5 +6 +7 +8 +9 +10 +11 +12 Total 
Sales  
PlayStation® 1.7 3.9 6.5 6.9 5.4 3.5 2.3 1.4 0.7 0.3 0.1 - 32.5 
N64 2.4 2.3 1.2 0.4 0.1 - - - - - - - 6.4 
Dreamcast 1.2 0.8 0.1 - - - - - - - - - 2.1 
PlayStation®2 3.5 5.6 6.8 6.9 7.3 6.5 4.3 2.8 1.4 0.5 0.3 - 46.0 
GameCube 1.6 1.4 0.9 0.5 - - - - - - - - 4.4 
XBOX 1.7 1.8 1.8 0.8 0.1 - - - - - - - 6.2 
XBox360 1.7 1.9 3.2 3.8 3.8 4.3 3.4 - - - - - 22.2 
Wii 4.2 7.8 6.6 6.1 4.8 2.6 - - - - - - 32.1 
PlayStation®3 4.0 4.0 5.0 5.6 5.7 4.6 - - - - - - 28.9 
Mean 2.4 3.3 3.6 3.9 3.4 3.1 3.3 2.1 1.0 0.4 0.2 0.0 26.7 
4.7.4 Retirement function 
In order to estimate the total electricity use of PlayStation®4 consoles it is necessary to 
estimate the console lifetime. The mean of recent estimates for console lifetime is 5 years 
(Equipment Energy Efficiency Program, 2011, AEA, 2010, Market Transformation 
Programme, 2009a). It is assumed that the lifetime of next generation consoles will remain 
the same at 5 years, based on an expert assumption (Market Transformation Programme, 
2009a). A retirement function is applied to the sales data to simulate for how long consoles 
are likely to remain in use, to calculate the total stock of consoles in use during any given 
year (Koomey et al., 1998). Annual sales data are used in this study and, as such, the stock of 
consoles is calculated for the end for each one-year period from the date sold until seven 
years later, when no consoles are estimated still to be in use. A summary of the percentage 
of consoles sold estimated to be in use each year from purchase is shown in Table 4.10, with 
the estimated stock of PlayStation®4 consoles over the product lifetime shown in Figure 4.8. 
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Figure 4.7 Graphical representation of the appliance retirement function used in this 
analysis (Koomey et al., 1998) 
Table 4.10 Summary of the survival rate function applied to console sales in order to 
calculate the stock in any given year 
Age (years) Survival Rate 
1 100% 
2 100% 
3 100% 
4 80% 
5 50% 
6 20% 
7 0% 
 
 
Figure 4.8 Estimated stock of PlayStation®4 consoles in use over time 
4.8 Scenarios and data and assumptions for efficiency 
improvements 
Following the description of each efficiency improvement considered in this analysis (Section 
4.4), this section details the scenarios considered and the data and assumptions used 
estimate the potential electricity savings. Where appropriate, various scenarios are 
developed where a range in effectiveness of the efficiency improvement is possible. This will 
help to identify where further opportunities may exist for electricity saving in PlayStation®4 
consoles. 
Sensitivity analysis is used to test the suitability of the assumptions to establish the degree 
of uncertainty with respect to the estimated potential electricity savings (See section 4.10). 
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4.8.1 APD 
To establish the potential electricity saving of an APD feature for PlayStation®4 consoles it is 
necessary to estimate how long consoles spend switched on but inactive and user 
preferences for APD settings, i.e. after how long they would like their console to power down, 
if at all. 
The time that a console spends inactive is very difficult to estimate due to a lack of reliable 
data regarding consumer behaviour. The NRDC estimate that 50% of users leave their 
consoles on all of the time (NRDC, 2008a), while survey research suggests that this 
proportion could be as a low as 3% (Interactive Software Federation of Europe, 2010b). Other 
estimates assume that the time a console spends switched on but inactive could account for 
up to 30% of time (Hittinger et al., 2012, AEA, 2010). Assuming an average on time of 1.9 
hours/day for HD PlayStation®3 and Xbox 360 consoles (Chapter 2), using these estimates 
gives a range of inactive time of between 0.06 hours/day and 11 hours/day. Metered usage 
estimates show that HD consoles are not switched on for 11 hours a day, with estimates 
ranging between 1.1 hours/day and 2.64 hours/day (Webb et al., 2013). As such, the lower 
estimate for the time a consoles spends switched on but inactive (30%) is used in this 
analysis. Given the uncertainty surrounding the time a console spends inactive, sensitivity 
analysis considers the impact on electricity savings if the contribution of inactive time were 
as high as 50%. In particular, the electricity savings from APD could be higher for those users 
that use their consoles for longer, thought to account for 75% of usage (Nielsen, 2007). 
The period that consoles spend switched on but inactive determines the potential electricity 
savings APD offers. At present, the shortest time after which APD can be activated in HD 
consoles is 1 hour. When console gamers were asked what length of inactivity would best 
suit them before their console powered down, the average preference was for 44 minutes 
(Interactive Software Federation of Europe, 2012a), with 14% of respondents stating that 
they would like their console never to power down. It is assumed that those users who state 
they never want their console to power down would deactivate the function. Three scenarios 
are considered in this research to estimate the potential electricity saving of APD for the 
following average periods of inactivity: 
1. 1 hour – no improvement on current minimum; 
2. 45 minutes – equal to console users stated preference; and 
3. 30 minutes – beyond current requirements of console manufacturer’s voluntary 
agreement and user stated preferences. 
In order to estimate accurately the potential electricity saving that an APD feature has to 
offer on next generation consoles, it is assumed that APD is not enabled by default in the 
baseline case. However, survey research suggests that 19% of users have chosen voluntarily 
to activate the APD feature on their console (Consumer Electronics Association, 2010). To 
ensure that only the additional saving of a default enabled APD feature is estimated, the 
users that have voluntarily enabled the APD settings are considered in the baseline. 
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4.8.2 Standby 
The measured power consumption in standby mode on PlayStation®4 is 0.3 W, and is the 
figure used for power consumption in this analysis. No other values for standby power 
consumption are considered, as there are no further tiers to the regulation after 2013. 
4.8.3 Networked standby 
The power consumption of PlayStation®4 in networked standby is 2.7 W at launch in 2013 
(Table 4.5), and must then follow the requirements in the legislation to drop to 2 W by 2019. 
Given that PlayStation®4 already complies with the first two tiers of the networked standby 
requirements (6 W in 2015 and 3 W in 2017), two scenarios are considered: 
1. Implementation of an efficient networked standby mode from launch (2.7 W at 
launch, falling to 2 W in 2019); and 
2. Implementation of an efficient networked standby according to European legislation 
(11.7 W at launch, falling to 6 W in 2015, 3 W in 2017 and 2 W in 2019). 
It is assumed that the technology to enable networked standby to function at 2 W will 
become available. 
The proportion of users that enable the networked standby functionality on their console is 
unknown. Survey data for the usage of networked standby functionality by PlayStation®3 
users available for 2009 and 2011 suggests that between 12% and 30% of PlayStation®3 users 
activated this function on their console (GameVision, 2009, GameVision, 2010b, GameVision, 
2010a, GameVision, 2011b). The use of services and updates provided through a network 
connection is estimated to increase on next generation consoles. For example, the 
PlayStation®4 has increased functionality in networked standby compared to PlayStation®3, 
including the automatic download of system updates. The PlayStation®4 estimate uses a 
figure taken from a survey of US broadband users that reports 78% of PlayStation®3 owners 
have their console connected to the Internet (VGChartz, 2010). It is assumed that all of these 
users have activated the networked standby functionality. Given the uncertainty about the 
activation rate of networked standby, this is tested using sensitivity analysis (Section 4.10). 
4.8.4 Efficient Power Supplies 
Two improvement scenarios are considered for internal AC/DC power supplies: 
1. Power conversion efficiency of 90% in gaming and media modes and 88% in 
navigation mode/other functions – this is the power conversion efficiency of 
PlayStation®4’s internal power supply (Sony Computer Entertainment Incorporated, 
2013a); and 
2. Power conversion efficiency of 96.6% - this is the power conversion efficiency of the 
most efficient internal power supply available on the market at 230 v and with a 
wattage less than 500 W (Plug Load Solutions, 2013). This is the efficiency of the 
power supply measured at 50% of the rated load, where consoles are shown to 
operate (see Section 4.4.4 above). 
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In addition to AC/DC power conversion, many games console components require power 
supplied at a very low voltage. To achieve this, a further DC/DC power conversion is made. 
In fact, the majority of components in a console, such as the CPU/GPU, memory and HDD all 
require power to be supplied at a very low voltage and therefore, the reduction in power 
consumption that could be achieved using a more efficient DC/DC power supply could be 
significant. Unfortunately, there is no information regarding the efficiency of the DC/DC 
power supplies in games consoles past, present or future. It is, therefore, out of scope of this 
study at present due to a lack of data. Further research could aim to establish the proportion 
of power consumption that is attributable to DC/DC power conversions and whether 
opportunities for electricity saving exist. 
4.8.5 Energy proportional computing/ power scaling 
To estimate the extent to which power and clock gating and voltage scaling could be 
implemented in next generation consoles is difficult as the exact specifications of the 
processor chips are unknown; console manufacturers commission bespoke chips for their 
products and so these details are highly confidential. In addition, the extent to which power 
scaling is implemented is also a function of the software. To overcome these complexities, 
the actual scaling capability of the PlayStation®4 and Xbox One will be considered to estimate 
the potential electricity savings that can be achieved through employing architecture with 
improved scalability between modes. The scalability between modes in the baseline estimate 
without efficiency improvements is based on the scalability between modes of the launch 
model of PlayStation®3. The ratios between the maximum mean active gaming power 
consumption and the mean power consumption for other modes are shown in Table 4.11 for 
both Xbox One and PlayStation®4 consoles. This shows that the scalability between modes 
is approximately the same for both consoles, with neither demonstrating considerably better 
scaling than the other. The power consumption values for PlayStation®4 will be used to 
estimate the electricity saving of improved scalability between modes, as testing was 
conducted on more units and is therefore likely to be more representative. 
Table 4.11 Ratios between maximum mean gaming power consumption and mean modal 
power for Xbox One and PlayStation®4 consoles 
 Ratio between mean maximum gaming 
and modal power consumption 
Mode PlayStation®4 Xbox One 
Maximum mean gaming 1.00 1.00 
Gaming 0.89 0.97 
Media playback 0.68 0.68 
Navigation/other functions 0.59 0.61 
PlayStation®4 scalability is estimated using measured power consumption values which are 
then divided by the ratio between the actual rated power of PlayStation®4 (250 W) and the 
estimated rated power for the baseline (308.2 W). This gives the following power 
consumption values: 
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Gaming:     126.4/ (
250
308
) = 155.9 𝑊  Equation 13  
Media:      96.7/ (
250
308
) = 119.2 𝑊  Equation 14 
Navigation/other functions:   83.7/ (
250
308
) = 103.1 𝑊  Equation 15  
It is unknown whether the scalability of PlayStation®4 and Xbox One consoles represents 
best practice or if further scalability between functions could be achieved, therefore this is 
the only scenario considered in this analysis. Further research could establish the extent to 
which scalability has been implemented in next generation consoles and whether further 
opportunities exist for improvements. In particular, if a new model of a next generation 
console is launched without substantial hardware efficiency improvements, such as die 
shrink, the effect of system optimisation could be measured. However, 40% scalability 
estimated for navigation/other functions is substantial compared to the scaling measured 
for consoles in the ECOS (2011) study. 
4.8.6 Die Shrink 
Predicting the rate of die shrink, particularly for bespoke architectures such as those found 
in Xbox One and PlayStation®4 consoles, is impossible. It would also be false to assume that 
the rate of die shrink experienced for HD consoles would also be applicable to next 
generation consoles, given the increasingly difficult task of managing the power 
consumption and heat dissipation as the die becomes smaller as discussed by Koomey et al. 
(2013). Rather than theorising as to when die shrinks may be implemented for next 
generation consoles, this research assumes that the power limits set by manufacturers in 
their voluntary agreement will be achieved through die shrink (Console Manufacturers, 
2013). Table 4.12 shows the power caps proposed by console manufacturers for next 
generation consoles. Although the power caps only cover media playback and navigation 
modes, die shrink will affect the power consumption of all active modes; hence, gaming 
power consumption is reduced by the same proportion as media and navigation modes. All 
low power modes, such as standby and networked standby, will not be affected by die shrink 
as these are controlled by a sub-system within the console managed by a secondary ARM 
processor, where ARM describes the instruction set architecture (PS4 Daily, 2013). The tiers 
shown in Table 4.12 are staggered for the different modes. PlayStation®4 power 
consumption in navigation mode is already below the power cap suggested in 2014; 
therefore, no die shrink is expected in 2014. The next power cap applies to media playback 
modes in 2016 followed by a power cap for navigation in 2017. A final die shrink is estimated 
in 2019 to achieve the second tier of the media playback power caps, which is also estimated 
to reduce navigation power consumption further. A summary of the percentage reductions 
estimated in power consumption for each die shrink, and the resulting power consumption 
values for each mode, is shown in Table 4.13. 
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Table 4.12 Summary of console manufacturer proposed power caps for next generation 
consoles (Console Manufacturers, 2013) 
 Tier 1 Tier 2 
Mode Power cap (W) Date Power cap (W) Date 
Other functions/ 
navigation 
90 2014 70 2017 
Media  90 2016 70 2019 
Table 4.13 Estimated PlayStation®4 power consumption in each mode after die shrink 
  Estimated power consumption (W) 
Year Estimated percentage 
reduction 
Gaming Media  Other 
functions/ 
navigation  
2016 7% 156.8 135.2 141.7 
2017 10% 141.0 121.5 127.4 
2019 22% 109.6 94.5 99.1 
4.8.7 System on a Chip (SoC) 
As shown in Figure 4.3, Microsoft introduced SoC architecture into the Xbox 360 in 2010 at 
the same time as a die shrink from 65 nm to 45nm. This reduced the power consumption of 
the Xbox 360, but it is not possible to separate the effect on power consumption of die shrink 
from that of increased integration of components onto a SoC. It is estimated that the 
integration of equivalent performance components onto a SoC results in a 22% reduction in 
TDP from 160 W to 125 W for discrete AMD chips (AMD, 2013e). It is assumed that this is 
representative of the power reduction for PlayStation®4 as these chips have equivalent 
performance to PlayStation®4 (and PlayStation®4 TDP data is proprietary). Theoretical power 
consumption for the baseline, including a SoC instead of discrete chips is calculated as 
follows: 
265 − 35 = 230 𝑊       Equation 16  
Where 265 W is the baseline rated power without conversion losses and 35 W is the 
estimated saving of SoC. Rated power of the SoC scenario is therefore: 
230
0.86
= 267.4 𝑊       Equation 17  
Where 0.86 is the baseline scenario AC/DC conversion efficiency. 
Power consumption values are then calculated using the ratio between the estimated rated 
power for the SoC scenario (calculated here) and the PlayStation®4 rated power (250 W), 
and the baseline power consumption estimates in each mode, to give: 
Maximum gaming:    175.4 × (
250
267.4
) = 164.0 𝑊  Equation 18  
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Mean gaming:     164.0 × 0.97 = 159.1 𝑊  Equation 19  
Media playback:    164.0 × 0.81 = 132.8 𝑊  Equation 20  
Navigation/other functions:   164.0 × 0.86 = 141.0 𝑊  Equation 21  
4.8.8 Suspend to RAM 
Two scenarios are considered for suspend to RAM (suspend): 
1. Suspend after 20 minutes of inactivity; and 
2. Suspend after 10 minutes of inactivity. 
It is assumed that when available, suspend will be enabled by default and no users will 
disable this feature as it will save any game progress and data and therefore not interfere 
with the user experience. Suspend mode is not currently available on PlayStation®4, 
although it is planned for introduction later in 2014 and will include networked standby 
functionality. It is assumed that suspend mode power consumption will be equal to that of 
networked standby at launch (2.7 W), and will also fall to 2 W according to mandatory 
regulations as suspend will also include networked standby functions. 
4.8.9 Low power peripheral charging 
Peripherals can be charged through a USB cable plugged into the console or through an AC 
adapter plugged in to a wall socket. This research assumes that controllers are recharged 
while in use, but headsets are not as it is likely to be uncomfortable for the user being 
restricted by the length of the charging cable. 
Headsets are often used by gamers playing online so that they can talk with friends while 
gaming and/or playing multiplayer games. To establish how long gamers use headsets for, 
data for the proportion of on time spent online gaming is used. Survey data for US console 
gamers collected for 2010, 2011 and 2012 reports that 19%, 16% and 18% of console on time 
was spent online gaming on PlayStation®3 respectively (Nielsen, 2011b, Nielsen, 2013b). The 
mean of 18% is used in this research, equivalent to 0.4 hours/day, with sensitivity analysis 
testing the importance of this value (Section 4.10). No data exist for the use of headsets or 
how headsets are charged. The following assumptions about the proportion of users that use 
a headset when online gaming, and the proportion of those users that leave their console on 
to charge their headset, are used: 
 50% of online gamers use headsets; and 
 25% of those users leave their console on to charge the headset. 
These assumptions are tested by sensitivity analysis in Section 4.10. 
The mean reported time for a headset battery to discharge is seven hours when actively 
used, and 240 hours when in standby (PlayStation, 2013, Amazon, 2013a, Amazon, 2013b). 
With each console used on average five times per week for a total of 15.2 hours, and 
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considering that 30% of the time a console spends switched on is inactive, the average time 
spent online gaming with a headset is calculated as follows: 
[15.2×(1−0.3)×0.18]
5
= 0.4 ℎ𝑜𝑢𝑟𝑠/𝑠𝑒𝑠𝑠𝑖𝑜𝑛    Equation 22  
 
This equates to 5.4% of the headset battery life. Assuming that when not in use for gaming, 
and between uses, the headset remains in standby for the following amount of time: 
[(
7
5
) × 24] − 0.4 = 33.2 ℎ𝑜𝑢𝑟𝑠/𝑠𝑒𝑠𝑠𝑖𝑜𝑛    Equation 23  
This equates to 14% of the headset battery life. In total, per session, this equates to around 
20% of the headset charge or 100% per week. Therefore, it is assumed that the headset 
requires fully recharging once a week, or 52 times a year, which takes 3 hours. This results in 
the following estimate for time spent charging per day for those users that leave their 
console switched on to charge their headset: 
[
(52×3)
365
] × 0.25 = 0.11      Equation 24  
  
Finally, considering that only 50% of users are assumed to game online using a headset, the 
estimated time that consoles spend switched on to charge headsets is: 
0.11 × 0.5 = 0.05 ℎ𝑜𝑢𝑟𝑠/𝑑𝑎𝑦      Equation 25  
The measured power consumption of the low power peripheral charging mode on 
PlayStation®4 is used in this analysis. Two power consumption values are required: 
1. when the peripheral is charging, measured at 11.4 W; and 
2. when peripheral charging is enabled but no peripheral is charging, measured at 6.3 
W. 
The power consumption even when no peripheral is charging is higher than expected, as the 
console is not able to register when a peripheral is connected. As such, the extra voltage 
required to charge a peripheral is supplied as long as the feature is enabled. In Europe, the 
peripheral charging feature on PlayStation®4 consoles is supplied as default disabled. It is 
assumed that the proportion of users that leave their consoles on to charge peripherals will 
activate this feature: 
0.25 × 0.5 = 0.125 𝑜𝑟 13%      Equation 26  
4.8.10 Separate charging circuitry 
In this scenario, a separate charging circuitry is integrated into the console hardware. It is 
assumed that the console will remain in a networked standby state while the separate 
charging circuitry is active. 
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The power consumption of the charging hardware is assumed to be the same as a standalone 
device. The DUALSHOCK®4 charging station uses 4.6 W while charging (measured). This value 
will be used, plus the power consumption of the console in networked standby. When the 
controllers are fully charged the station powers down and consumes less than 0.1 W. The 
following power consumption values are used: 
When a peripheral is charging:   4.6 + 11.7 = 16.3 𝑊   Equation 27  
When a peripheral is fully charged:  0.1 + 11.7 = 11.8 𝑊   Equation 28  
Usage of a separate charging circuitry is estimated to be the same as that described above 
in Section 4.8.9 (0.05 hours/day) for low power peripheral charging, based on the 
assumption that users are generally able to charge controllers while using them versus 
headsets that would be uncomfortable or difficult to charge while in use. Although the 
charging station is not able to charge headsets, the batteries in PlayStation®3 wireless 
headsets and DualShock®3 controllers are the similar: 3.7 v Lithium ion rechargeable 
batteries with a 570 mAh capacity. It is therefore assumed that if headset charging stations 
were available, they would require a similar amount of power to recharge. 
4.8.11 Low power download 
To estimate how much a low power download mode could reduce the time a console spends 
switched on but inactive, it is first necessary to estimate how much content users download 
for each of games, video content and system updates. These are estimated as follows: 
Games – VGChartz (2013b) report a tie-ratio, or the mean number of games sold per console, 
of 8.2 for PlayStation®3 and Xbox 360 consoles in Europe. Considering the lifetime of a 
console is estimated to be around 5 years, this equates to 1.6 games purchased per year per 
console. It is reported that 10% of gamers most recent game purchases were downloaded 
(GameVision, 2012); this figure will be used as the lower bound of estimates in the analysis 
with sensitivity analysis considering an increase in the proportion of downloaded games to 
100%. It is assumed for next generation consoles, given the increased size of the HDD that 
50 % of games will be purchased via download. The average PlayStation®4 game size is 16.4 
GB (Yin-Poole, 2013); 
Video content – there is no data available in the literature regarding the amount of video 
content, such as films and TV shows, that users download via a network connection to the 
HDD on current HD consoles. Furthermore, much of the media content that users watch is 
streamed rather than downloaded, which means that it can be watched instantly. For the 
purposes of this study, it is assumed that all video content is streamed; and 
System software updates – system software updates often include new settings, new 
features and new functionality (Sony, 2012a). These are generally quite small files compared 
to games and movies. The mean size of the PlayStation®3 system updates to date (December 
2013) is 165 MB, with an average of 10 updates released each year since the product 
launched (Sony, 2013). The first update for PlayStation®4 system software in Europe, Version 
1.51, is between 300 MB and 400 MB so it could be expected that the size of the update files 
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may be larger for next generation consoles (playstation.com, 2013c). Due to uncertainty 
regarding the future size of system updates for next generation consoles, the data for 
PlayStation®3 will be used and the file size tested with sensitivity analysis. As such, the annual 
amount of data downloaded for system updates is estimated to be: 
  165 × 10 = 1650 𝑀𝐵 (1.6 𝐺𝐵)     Equation 29  
One limitation of this approach is that it does not consider those users that do not download 
system updates through an Internet connection on their console, but use one of the other 
methods available including downloading from a game disc or uploading it from a USB drive. 
It is assumed that 75% of users download system updates via an Internet connection on their 
console, aligned with the reported 78% of PlayStation®3 consoles connected to the Internet 
(VGChartz, 2010). Considering the anticipated increase in network connectivity of next 
generation consoles, the proportion of users downloading system updates will be increased 
to 100% for sensitivity analysis. 
For the baseline, this gives an estimated downloaded content of 18 GB/year/console. 
With the size of downloads estimated, the next step is to estimate how long it would take to 
download this content. A study conducted on behalf of the European Commission (2013c) 
estimates the average broadband download speed in Europe at 20.12 Mbps. Using this 
figure, the time spent downloading content per console is estimated to be 2 
hours/year/console or 0.01 hours/console/day. Section 4.10 details the aspects considered 
in the sensitivity analysis for this efficiency improvement. 
The power consumption of PlayStation®4 when downloading content is measured at 72 W 
and this value will be used in the analysis. 
4.8.12 Separate video circuitry 
For the purposes of this analysis three scenarios of separate video circuitry efficiency are 
considered, that could be included within PlayStation®4 hardware, using the following power 
consumption values (NRDC, 2008a, Roettgers, 2011, Horowitz, 2011): 
High efficiency – the mean power consumption of the most efficient streaming device (1.9 
W) and the most efficient DVD/Blu-ray player (6 W) is calculated. The media playback power 
consumption for this scenario equals: 
  4 + 11.7 = 15.7 𝑊       Equation 30  
Medium efficiency – the mean power consumption values for DVD/HD players, 24.4 W, and 
media streaming devices, 7.7 W are used, giving an overall mean of 16 W. The media 
playback power consumption for this scenario equals:  
  16 + 11.7 = 27.7 𝑊       Equation 31  
Low efficiency – the mean power consumption of the least efficient streaming device (13.1 
W) and the least efficient DVD/Blu-ray player (43 W) is calculated. The media playback power 
consumption for this scenario equals: 
Amanda Webb  Doctoral Thesis 
204 
 
  28.1 + 11.7 = 39.8 𝑊       Equation 32  
Using the mean power consumption values for streaming and disc based media players 
assumes an equal share of media playback time between disc based and streamed content. 
Different scenarios of media usage are considered in sensitivity analysis in Section 4.10. 
To account for the power consumption of the separate video circuitry when the console is 
not playing media, it is assumed that in standby mode the separate video circuitry power 
consumption is 0.5 W. This figure is added to all power consumption values, except media 
play. 
This section has detailed the scenarios considered for each efficiency improvement and 
detailed the data and assumptions used to estimate the potential electricity saving. The 
results of the analysis are presented below, followed by a sensitivity analysis to test the 
assumptions used. 
4.9 Results 
This section presents results for the estimated electricity saving from each of the efficiency 
improvements described above, compared to the baseline scenario. Estimated results are 
also presented for the PlayStation®4, as an indication of the overall savings, and to estimate 
and compare the electricity savings attributable to different regulatory initiatives such as the 
standby regulation and the Eco-design Directive Lot 3 for Sound and Imaging Equipment. 
Finally, a scenario that considers all of the potential approaches to improve console 
efficiency, i.e. a best case scenario, is calculated based on the available data for each 
efficiency improvement discussed above. This is then used to identify opportunities to 
reduce the electricity use of PlayStation®4 further. 
4.9.1 Estimated potential electricity savings for consoles 
This section compares and contrasts the estimated electricity saving of each efficiency 
improvement discussed above in Section 4.4, compared to a theoretical baseline scenario 
with no efficiency improvements. Table 4.14 details the estimated total annual electricity 
use of each potential efficiency improvement in isolation. The total estimated lifetime 
electricity savings are also shown in the far right column. Electricity use of the improvement 
cases is estimated to be between 0.0 TWh for APD (1 hour) and 7.8 TWh for Suspend to RAM 
(10 minutes), or between 0% and 33%, lower than the baseline electricity use (23.9 TWh). 
The following paragraphs discuss the estimated savings of each efficiency improvement in 
more detail. 
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Table 4.14 Summary of the estimated annual electricity use, and potential lifetime electricity saving, for PlayStation®4 consoles with different efficiency improvements  
 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10 +11 +12 +13 +14 +15 +16 TOTAL 
Saving 
(TWh) 
Baseline Scenario 0.5 1.1 1.9 2.5 2.9 3.0 3.1 2.8 2.3 1.7 1.1 0.6 0.3 0.1 0.0 0.0 23.9 0.0 
Suspend to RAM (10 minutes) 0.3 0.7 1.1 1.5 1.7 1.8 1.7 1.6 1.3 0.9 0.6 0.3 0.2 0.1 0.0 0.0 13.6 10.3 
Suspend to RAM (20 minutes) 0.3 0.7 1.1 1.5 1.8 1.9 1.8 1.7 1.3 1.0 0.7 0.4 0.2 0.1 0.0 0.0 14.4 9.5 
Efficient Networked Standby (early introduction) 0.3 0.8 1.3 1.8 2.1 2.2 2.2 2.0 1.6 1.2 0.8 0.4 0.2 0.1 0.0 0.0 17.0 6.9 
Efficient Networked Standby (In line with regulation) 0.5 1.1 1.7 2.3 2.5 2.5 2.3 2.0 1.6 1.2 0.8 0.4 0.2 0.1 0.0 0.0 19.2 4.7 
Separate Video Circuitry (low power consumption) 0.4 0.9 1.5 2.0 2.4 2.5 2.5 2.2 1.8 1.4 0.9 0.5 0.2 0.1 0.0 0.0 19.3 4.6 
Separate Video Circuitry (mean power consumption) 0.4 0.9 1.5 2.1 2.4 2.5 2.5 2.3 1.9 1.4 0.9 0.5 0.2 0.1 0.0 0.0 19.8 4.1 
Separate Video Circuitry (high power consumption) 0.4 1.0 1.6 2.1 2.5 2.6 2.6 2.3 1.9 1.4 0.9 0.5 0.2 0.1 0.0 0.0 20.3 3.6 
Efficient Power Supplies (97%) 0.4 1.0 1.7 2.3 2.7 2.8 2.8 2.5 2.1 1.5 1.0 0.6 0.3 0.1 0.0 0.0 21.7 2.2 
Die Shrink 0.5 1.1 1.9 2.5 2.8 2.9 2.8 2.4 1.9 1.4 0.9 0.5 0.2 0.1 0.0 0.0 21.8 2.1 
Energy Proportional Computing 0.4 1.0 1.7 2.3 2.7 2.8 2.8 2.5 2.1 1.5 1.0 0.6 0.3 0.1 0.0 0.0 22.0 1.9 
APD (30 minutes) 0.4 1.1 1.7 2.3 2.7 2.8 2.8 2.5 2.1 1.5 1.0 0.6 0.3 0.1 0.0 0.0 22.1 1.8 
Efficient Power Supplies (88%-90%) 0.5 1.1 1.8 2.4 2.8 2.9 2.9 2.6 2.1 1.6 1.1 0.6 0.3 0.1 0.0 0.0 22.7 1.3 
SoC 0.5 1.1 1.8 2.4 2.8 2.9 2.9 2.6 2.2 1.6 1.1 0.6 0.3 0.1 0.0 0.0 23.0 0.9 
Low Power Peripheral Charging  0.5 1.1 1.8 2.4 2.8 2.9 2.9 2.7 2.2 1.6 1.1 0.6 0.3 0.1 0.0 0.0 23.1 0.8 
APD (45 minutes) 0.5 1.1 1.8 2.5 2.8 3.0 3.0 2.7 2.2 1.6 1.1 0.6 0.3 0.1 0.0 0.0 23.3 0.6 
Separate Charging Circuitry 0.5 1.1 1.8 2.5 2.9 3.0 3.0 2.7 2.2 1.7 1.1 0.6 0.3 0.1 0.0 0.0 23.6 0.3 
Standby 0.5 1.1 1.8 2.5 2.9 3.0 3.0 2.7 2.2 1.7 1.1 0.6 0.3 0.1 0.0 0.0 23.6 0.3 
Low Power Download 0.5 1.1 1.8 2.5 2.9 3.0 3.1 2.8 2.3 1.7 1.1 0.6 0.3 0.1 0.0 0.0 23.9 0.0 
APD (1 hour) 0.5 1.1 1.9 2.5 2.9 3.1 3.1 2.8 2.3 1.7 1.1 0.6 0.3 0.1 0.0 0.0 23.9 0.0 
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As shown in Table 4.14 the efficiency improvement that results in the greatest electricity 
saving is the introduction of a suspend feature, including networked standby functionally, 
that powers down the console after a period of inactivity. Periods of 10 and 20 minutes of 
inactivity are considered in this analysis, which is estimated to reduce the electricity use of 
the baseline by an estimated 10.3 TWh and 9.5 TWh respectively over the product lifetime 
(Figure 4.9). The large reduction in electricity use is due to the significant decrease in the 
time the console spends switched on; reduced by 0.4 hours/day for the 20 minute suspend 
feature and 0.5 hours/day for the 10 minute suspend feature, equivalent to a reduction of 
between 18% and 23% of the baseline on time of 2.2 hours/day. 
 
Figure 4.9 Graphs showing the estimated lifetime electricity use of PlayStation®4 with a 
suspend feature, compared to the baseline 
The next largest electricity savings estimated result from an efficient networked standby 
mode. Electricity savings of 6.9 TWh are estimated for early introduction of an efficient 
networked standby mode, compared to an estimated saving of 4.7 TWh if efficient 
networked standby is introduced according to regulatory requirements. This shows that 
early introduction of efficient networked standby results in additional electricity savings of 
2.2 TWh, or 9% of the baseline electricity use. This example highlights how the timing of 
introduction for efficiency improvements can have a significant impact on the estimated 
electricity savings. The networked standby scenarios are shown in Figure 4.10. 
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Figure 4.10 Graphs showing the estimated lifetime electricity use of PlayStation®4 with an 
efficient networked standby mode, compared to the baseline 
The inclusion of a separate video circuitry is estimated to reduce electricity use by between 
3.6 TWh and 4.5 TWh compared to the baseline, with the range in estimated savings due to 
the variation in estimated power consumption of a separate video circuitry of between 15.7 
W and 39.8 W. Considering that this improvement only effects the power consumption in 
media modes, which account for around 4% of time (0.9 hours/day), the electricity savings 
are considerable. The large savings are due to the significant reduction in media mode power 
consumption from 142.3 W in the baseline, to between 15.7 W and 39.8 W in the 
improvement scenarios. Figure 4.11 shows the estimated electricity for each separate video 
circuitry scenario, compared to the baseline. 
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Figure 4.11 Graphs showing the estimated lifetime electricity use of PlayStation®4 with a 
separate video circuitry, compared to the baseline 
The next greatest electricity saving is 2.2 TWh for a 97% efficient AC/DC power supply. This 
is 0.9 TWh greater than the 88-90% efficient AC/DC power supply also considered, which is 
estimated to result in an electricity saving of 1.3 TWh. Improved power supply efficiency 
reduces the power consumption in all active modes; power consumption in the baseline 
scenario is estimated to fall by between 13 W and 26 W depending on the improvement in 
power supply efficiency. Although the reduction in power consumption is equivalent to up 
to a 17% drop in the baseline power consumption, given that this only applies to active 
modes, the total electricity saving is relatively small compared to some of the other efficiency 
improvements. The estimated electricity use of the scenarios with different AC/DC power 
supply efficiencies are shown in Figure 4.12. 
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Figure 4.12 Graphs showing the estimated lifetime electricity use of PlayStation®4 with 
efficient AC/DC power supplies, compared to the baseline 
Between the two efficient power supply scenarios are three efficiency improvements that 
are estimated to reduce the baseline electricity use by between 1.8 TWh and 2.1 TWh, 
including die shrink, energy proportional computing and a 30 minute APD. Die shrink is 
estimated to reduce the baseline electricity use by 2.1 TWh. Die shrink reduces the power 
consumption in all active modes, with significant reductions of between 52.5 W and 59.5 W 
estimated for other functions/navigation mode and gaming respectively. Energy 
proportional computing leads to estimated electricity savings of 1.9 TWh compared to the 
baseline estimate. Similar to die shrink, power consumption is reduced in all active modes 
due to improved scalability. For instance, gaming power consumption is estimated to fall by 
12 W, media mode power consumption by 25 W and other functions/navigation power 
consumption by almost 50 W compared to the baseline power consumption estimates. The 
power consumption figures are estimated using measurements taken on PlayStation®4 
consoles, which demonstrates the improved scalability between functions compared to 
PlayStation®3. It is possible that electricity savings could be higher if the system could be 
further optimised to improve the scalability between functions; however, there is no data 
available for games consoles that quantify the potential maximum scalability possible and as 
such, this should be considered a conservative estimate. Improvements in system 
optimisation could be measured using subsequent models of next generation consoles if no 
substantial efficiency improvements are made to the hardware. For example, an i-Mac 
desktop computer was measured to achieve up to 60% scalability between the maximum 
active power consumption and idle (ECOS, 2011). Figure 4.13 shows the estimated electricity 
use of the scenarios for energy proportional computing and die shrink. The graphs show that 
the reduction in electricity use for energy proportional computing begins immediately from 
launch, compared to the die shrink scenario, where reductions are only expected to start five 
years after launch as the power caps in the console manufacturer’s voluntary agreement are 
achieved. 
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Figure 4.13 Graphs showing the estimated lifetime electricity use of PlayStation®4 with die 
shrink and energy proportional computing, compared to the baseline 
Following energy proportional computing, an APD feature set to activate after 30 minutes of 
inactivity is estimated to reduce baseline electricity use by 1.8 TWh. This is three times the 
reduction estimated for an APD set to activate after 45 minutes of inactivity (0.6 TWh), with 
no reduction estimated for an APD set to activate after 1 hour of inactivity. The reduction in 
the time a console spends switched on but inactive is estimated to be between 0 hours/day 
and 0.3 hours/day, compared to between 0.4 hours/day and 0.5 hours/day for the suspend 
feature. The 1 hour APD scenario is not estimated to result in any electricity saving compared 
to the baseline as it is estimated that the average time a console spends inactive after each 
use is already less than one hour. It is important to note that the estimates of inactive time, 
and therefore the estimated electricity savings for APD, are based on limited data. As such, 
the electricity savings from APD could be higher, particularly for those users that use their 
consoles for longer, thought to account for 75% of usage (Nielsen, 2007). In particular, 
savings for a 1 hour APD could be higher as the estimates for the time a consoles spends 
inactive are based on average usage scenarios. When considering the assumption that 30% 
of the on time is inactive, heavier users (ie those that use their consoles for longer, would be 
expected to have periods of inactivity less than 1 hour. The uncertainty regarding inactive 
time is explored in more detail in the sensitivity analysis and is highlighted as an area where 
further research would be valuable. This result is particularly interesting when considering 
that a 1 hour APD is the recommended by various stakeholders involved in the development 
of standards and policies for games consoles including NGOs and console manufacturers 
(NRDC and Energy Solutions, 2011, Console Manufacturers, 2013). Figure 4.14 shows the 
estimated electricity use of the three APD scenarios considered. 
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Figure 4.14 Graphs showing the estimated lifetime electricity use of PlayStation®4 with 
APD set to activate between 30 minutes and 1 hour of inactivity, compared to the baseline 
As shown in Table 4.14, the estimated electricity savings of an APD feature, compared to the 
baseline, range between 0.0 TWh and 1.8 TWh. Although the scenario with a 30 minute 
period of inactivity before the console powers down offers a saving of 1.8 TWh, whether this 
would lead to a higher number of users disabling the feature, thus reducing the electricity 
savings, is uncertain. It is also useful to compare the estimated electricity savings of APD and 
suspend scenarios, as both of these efficiency improvements reduce the time a console 
spends switched on but inactive. The effectiveness of an APD feature is dependent largely 
on user behaviour. In contrast, a suspend feature, which removes the possibility of users 
losing their progress as a result of a power down event, offers electricity savings over four 
times higher than the shortest APD period considered of 30 minutes, 7.8 TWh versus 1.8 
TWh. This strongly suggests that suspend would result in much greater electricity savings for 
next generation consoles than APD. 
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SoC technology is estimated to save 0.9 TWh compared to the baseline estimates based on 
a reduction of around 10 W in all active modes. Although the power consumption in all active 
modes is reduced, the console is only switched on for 10% of the time. Furthermore, the 
contribution of computer processors in PCs (CPU/GPU/SoC) to total system power 
consumption is estimated to be around 50% with the remainder attributed to other 
components such as the power supply and fan (IVF Industrial Research and Development 
Corporation, 2007). As such, the effect of SoC technology is limited to the proportion of 
power consumption it accounts for. 
Low power download, low power peripheral charging and separate charging circuitry are 
estimated to save 0.0 TWh, 0.8 TWh and 0.3 TWh respectively. Without these technologies, 
the console would be switched on, in a higher power active mode, to download content or 
charge a peripheral. Data regarding the time spent downloading content and charging 
peripherals is very limited, and as a result, these estimates are based on a number of 
assumptions regarding consumer usage (detailed in Sections 4.8.9, 4.8.10 and 4.8.11). The 
range of uncertainty for these assumptions is considered in more detail using sensitivity 
analysis (see Section 4.10). It is estimated that the time spent downloading content and 
charging peripherals while switched on but inactive is minimal at between 0.02 and 0.1 
hours/day. Figure 4.15 shows the estimated lifetime electricity use of the scenarios for low 
power download, low power peripheral charging and separate charging circuitry 
improvements. 
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Figure 4.15 Graphs showing the estimated lifetime electricity use of PlayStation®4 with low 
power peripheral charging, a separate charging circuitry and low power download, 
compared to the baseline 
Finally, the reduction in standby mode power consumption leads to an estimated electricity 
saving of 0.3 TWh (Figure 4.16). Although the relative reduction in power consumption is 
over 80%, from 1.8 W in the baseline to 0.3 W for the PlayStation®4, the power consumption 
is relatively low compared to the active modes available on consoles, which explains the 
relatively low electricity saving. Furthermore, the time spent in standby is estimated to 
decrease as it is replaced by modes such as networked standby that offer more functionality 
including remote wake-up. 
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
+1 +3 +5 +7 +9 +11 +13 +15
El
e
ct
ri
ci
ty
 U
se
 (
TW
h
/y
e
ar
)
Year from launch
Baseline Scenario
Low Power Peripheral Charging
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
+1 +3 +5 +7 +9 +11 +13 +15
El
e
ct
ri
ci
ty
 U
se
 (
TW
h
)
Year from launch
Baseline Scenario
Separate Charging Circuitry
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
+1 +3 +5 +7 +9 +11 +13 +15
El
ec
tr
ic
it
y 
U
se
 (
TW
h
/y
ea
r)
Year from launch
Baseline Scenario
Low Power Download
Amanda Webb  Doctoral Thesis 
214 
 
 
Figure 4.16 Graph showing the estimated lifetime electricity use of PlayStation®4 with an 
efficient standby mode, compared to the baseline 
Considering the estimated electricity use of each scenario, it is useful to identify which 
efficiency improvements are estimated to result in the greatest electricity savings. It is, 
however, also interesting to study the estimated annual electricity use for each scenario, as 
some of the scenarios show no reduction in electricity use until the fifth year from launch 
yet exceed the total estimated electricity savings for other improvements. For example, the 
die shrink scenario is estimated to use the same amount of electricity as the baseline scenario 
until the fifth year from launch when the first die shrink is estimated to occur, while the APD 
(30 minute) scenario is estimated to have lower electricity use from launch. Although die 
shrink only affects the power consumption of active modes, the reductions are estimated to 
be significant; power consumption in gaming mode is estimated to fall by almost 60 W, media 
modes by 50 W and other functions/navigation modes by 53 W. It is estimated, however, 
that the cumulative electricity saving of die shrink, over the product lifetime, will actually 
result in electricity savings of 0.3 TWh more than APD (30 minutes), at 2.1 TWh compared to 
1.8 TWh. 
Another way to compare the electricity use of each improvement versus the baseline case is 
by average annual electricity use per unit. Figure 4.17 shows the average annual electricity 
use per unit for those efficiency improvements that are not estimated to change console 
power consumption or usage over time. Three efficiency improvements are, however, 
estimated to reduce console electricity over time; efficient networked standby, suspend and 
die shrink. The annual electricity use of these efficiency improvements are shown as a time 
series in Figure 4.18. Interestingly, die shrink and efficient networked standby (in line with 
regulation) offer no savings compared to the baseline at the beginning of the product 
lifetime. However, by 2025 the electricity use per unit in the die shrink scenario is 43 
kWh/year lower and 60 kWh/year lower for the efficient networked scenario (in line with 
regulation) compared to the baseline. 
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The analysis of average annual electricity use further supports the efficiency improvements 
identified above as those with the greatest potential for electricity saving. For instance, a 
suspend feature is estimated to reduce average annual electricity consumption versus the 
baseline by between 77 kWh and 84 kWh/year. In contrast, efficiency improvements such as 
SoC, standby, low power peripheral charging, low power download and separate charging 
architecture are estimated to reduce annual electricity consumption by between 0 kWh/year 
and 8 kWh/year on average. 
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Figure 4.17 Estimated annual electricity use per unit for different improvement scenarios compared to the baseline and actual PlayStation®4 values 
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Figure 4.18 Estimated electricity use for improvement scenarios that change over time compared to the baseline and actual PlayStation®4 values
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4.9.2 Summary 
The results show that there is a large variation in the potential electricity saving of each 
efficiency improvement, of between 0.0 TWh and 10.3 TWh, compared to the baseline. A 
suspend feature that activates after 10 minutes of inactivity is estimated to result in the 
greatest electricity saving (10.3 TWh), while an APD feature that activates after 1 hour of 
inactivity is not estimated to result in any electricity saving, although considerable 
uncertainty exists regarding inactive time. Other efficiency improvements that offer 
electricity savings of around 20% of the estimated baseline electricity use include early 
introduction of an efficient networked standby mode and a low power separate video 
circuitry. In terms of developing regulations and policies to improve console efficiency this 
research highlights the importance of considering the impact of recommendations 
specifically for consoles, and based on data, where available, rather than theoretical 
estimates as previously used in policy analysis for games consoles (AEA, 2010, EnergyConsult, 
2012a, NRDC and Energy Solutions, 2011). Considering that some efficiency improvements 
do not reduce console electricity use from launch, it is worth studying the potential extra 
electricity saving that could be achieved if these improvements were introduced from 
launch. This is considered further in Section 4.9.7. 
4.9.3 Electricity use per mode 
Following the general analysis of various efficiency improvements above, this section 
describes the estimated electricity use in more detail on a per mode basis (see Figure 4.19). 
Efficiency improvements can be separated into three distinct groups regarding their effect 
on electricity use per mode. The groups are as follows: 
1. Electricity use reduced in one specific mode only - this includes the three 
following efficiency improvements: 
a. Efficient networked standby mode – Improved efficiency of networked 
standby mode leads to a reduction in estimated networked standby 
electricity use of between 53% and 78% compared to 8.7 TWh in the baseline 
case. The electricity use in all other modes remains the same; 
b. Separate video circuitry – the reduction in power consumption for media 
playback leads to a fall in the estimated electricity use in media mode of 
between 72% and 90% compared to 5.8 TWh in the baseline case. As above 
for efficient networked standby mode, the electricity use in all other modes 
remains the same; and 
c. Standby – the reduction in power consumption in standby mode leads to a 
fall in standby mode electricity use of 75%, from 0.4 TWh to 0.1 TWh. The 
electricity use in all other modes remains the same. 
2. Electricity use reduced simultaneously in all active modes (gaming, media 
and other functions/navigation) – this includes die shrink, efficient power 
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supplies, energy proportional computing and SoC. The reduction in electricity use 
per mode is proportional to how long the console spends in that mode; and 
3. Electricity use in active modes is reduced by use of alternative low power 
modes – this includes APD, low power peripheral charging, separate charging 
circuitry, suspend to RAM and low power download. All of these efficiency 
improvements reduce the time a console spends switched on while in gaming, media 
and other functions/navigation modes and replaces it with a low power mode that 
offers the same functionality. 
This section has explained in more detail how the electricity savings estimated and described 
in Section 4.9.1 have arisen. It shows that some efficiency improvements change the power 
consumption of games consoles, while others reduce the time the devices spend switched 
on in the main active modes. It also emphasises that some approaches to reduce the 
electricity use of games consoles only reduce the electricity use in one mode, versus some 
approaches that reduce the electricity use in multiple modes. The next section takes the 
estimates of electricity saving for each efficiency improvement considered in this analysis 
and combines them to reproduce real-life scenarios of electricity use, using and comparing 
actual PlayStation®4 data. 
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Figure 4.19 Estimated PlayStation®4 TEC split by mode for different improvement scenarios 
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4.9.4 Cumulative Electricity Use of PlayStation® Platforms 
Following the analysis completed in Chapter 3 to estimate the cumulative electricity use of 
each PlayStation® platform to December 2012 inclusive, the results for PlayStation®4 can 
now be considered in relation to previous PlayStation® platforms. 
Figure 4.20 shows the estimated cumulative electricity use of each PlayStation® platform in 
Europe until 2030. The monthly electricity use of the PlayStation®4 is assumed to be one 
twelfth of the estimated annual electricity use; studying historic sales data shows that this is 
very unlikely due to peak trading periods, such as December, however it serves to give an 
indication of the cumulative electricity use of PlayStation®4 consoles. The electricity use of 
PlayStation®3 after December 2012 is estimated using the mean console sales data as for 
PlayStation®4, and assuming no further improvements in energy efficiency. The cumulative 
electricity use of PlayStation®4 is estimated to be around 26% lower than PlayStation®3 at 
10.0 TWh versus 13.6 TWh, assuming PlayStation®4 sales follow the average sales data for 
historic console platforms sold in Europe since 1995 (which is lower than actual sales 
achieved for PlayStation®3 consoles achieved to date). Figure 4.20 shows the potential 
variability in PlayStation®4 cumulative electricity use due to uncertainty regarding sales. 
Although PlayStation®4 electricity use could exceed PlayStation®3 electricity use, it is still 
considerably lower than the baseline estimate. Even considering a scenario with sales 30% 
higher than the historic mean shows that the trend of substantial increases in cumulative 
electricity use between console generations is likely to be reversed, with an estimated 
increase of just 1.4 TWh compared to PlayStation®3, as opposed to the 10.3 TWh increase 
estimated for the baseline scenario. This suggests that the trend of increasing electricity use 
between PlayStation® platforms may be reversed with PlayStation®4 due to improved 
efficiency. 
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Figure 4.20 Actual and projected cumulative electricity use of PlayStation® platforms
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4.9.5 Estimated electricity savings for different scenarios 
The above sections have described the potential electricity savings that can be achieved 
through the introduction of efficiency improvements on a separate case-by-case basis. This 
section considers how these different approaches could be used in combination to maximise 
the potential electricity saving. Given that this research is conducted against a backdrop of 
standards and regulations development for games console energy efficiency, different 
scenarios are modelled based on various regulations already in force, those proposed for 
games consoles, the actual PlayStation®4 case and a best case that includes all of the 
improvements considered. This will help to demonstrate the magnitude of electricity savings 
likely for PlayStation®4 versus the baseline estimate, and where further opportunities may 
exist to improve efficiency. 
4.9.5.1 PlayStation®4 electricity savings 
The cumulative electricity use of PlayStation®4 consoles in Europe from 2013 to 2030 is 
estimated to be 13.9 TWh, 60% lower than the baseline estimate without efficiency 
improvements (23.9 TWh), as shown in Figure 4.21. The maximum delta in electricity use is 
1.8 TWh/year and occurs during the seventh year from launch. To identify the source of these 
electricity savings, first the usage and power consumption data for both the baseline and 
PlayStation®4 cases are compared in Table 4.15 and Table 4.16. Table 4.15 shows that the 
time PlayStation®4 spends switched on is estimated to fall by 0.46 hours/day as a result of a 
suspend feature (which is assumed to be introduced and default enabled 12 months after 
the launch of PlayStation®4), set to activate after 20 minutes inactivity, and low power 
peripheral charging. APD after 45 minutes is only considered until the suspend feature is 
introduced as a suspend feature will override any APD settings. A suspend feature is also less 
likely to be disabled as it saves a users’ progress and wakes up from suspend with a latency 
of just a few seconds. 
The power consumption estimates for the baseline scenario and measured PlayStation®4 
values show that significant reductions in power consumption of between 46% for gaming 
and 83% for standby and networked standby modes are estimated over the console lifetime. 
The reduction in PlayStation®4 power consumption over the product lifetime is due to the 
use of SoC, more efficient power supplies, energy proportional computing, efficient 
networked standby and standby modes and an estimated reduction the die size of the SoC 
over the console lifetime. Some of the efficiency improvements introduced are the result of 
legislation that is already in force, legislation that is under development and voluntary 
efficiency measures introduced by SONY Computer Entertainment Europe Incorporated. The 
extent to which each of these measures or initiatives contributes to the total electricity 
saving for PlayStation®4 is estimated below. 
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Figure 4.21 Comparison of the electricity use of PlayStation®4 and the baseline without efficiency improvement
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Table 4.15 Usage estimates for the baseline scenario and PlayStation®4 (hours/day) 
Mode Baseline scenario PlayStation®4 
(no suspend 
to RAM) 
PlayStation®4 
(suspend to 
RAM) 
Gaming 1.1 1.0 0.8 
Media  0.9 0.9 0.7 
Other 
functions/navigation 
0.2 0.2 0.1 
Standby 4.8 2.7 0.0 
Networked 
standby/suspend 
17.0 17.2 20.1 
Peripheral 
charging/charging 
enabled 
n/a 2.2 2.2 
Low power 
download 
n/a 0.0 0.0 
 
Table 4.16 Power consumption estimates for baseline scenario and PlayStation®4 (W) 
 Baseline 
scenario 
PlayStation®4 (measured/estimated) 
Mode - 2013 2014 2016 2017 2019 
Gaming 170.2 126.4 126.4 117.7 105.8 91.5 
Media  142.3 96.7 96.7 90 80.9 70 
Other 
functions/navigation 
150.4 83.7 83.7 77.8 70 60.5 
Standby 1.8 0.3 0.3 0.3 0.3 0.3 
Networked 
standby/suspend 
11.7 2.7 2.7 2.7 2.7 2.0 
Peripheral charging 
enabled 
- 6.3 6.3 6.3 6.3 6.3 
Low power download - 72 72 72 72 72 
 
4.9.6 Regulatory versus voluntary electricity savings 
The previous section estimated the cumulative electricity use of PlayStation®4 consoles in 
Europe, showing that electricity savings of 13.9 TWh are likely between 2013 and 2030, 
compared to the baseline. As stated, some of this saving is a result of regulatory measures 
that have already been implemented, while some is the result of efficiency improvements 
introduced to PlayStation®4 voluntarily. This section estimates the electricity saving that can 
be attributed to the following: 
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1. Legislation already implemented – this includes the Eco-design Directive standby 
and networked standby regulations that are both now implemented by Commission 
Regulation (EU) No 801/2013(European Commission, 2013b). This sets mandatory 
power limits for networked standby and standby modes; 
2. Standards under development – this covers the Eco-design Directive Lot 3 Sound 
and Imaging process. At present console manufacturers are pursuing a voluntary 
agreement that stipulates power caps for media and navigation modes and detailed 
APD requirements (Console Manufacturers, 2013). This has been presented as the 
favoured option by the European Commission for the ENTR Lot 3 process, as opposed 
to mandatory regulation for games consoles; and 
3. Additional electricity savings – this includes electricity savings that are not the result 
of any policy action, but rather have been introduced for PlayStation®4 voluntarily. 
Figure 4.22 shows the baseline electricity use compared to the three electricity use scenarios 
detailed above. This shows that the greatest reduction in electricity use for PlayStation®4 is 
attributable to the console manufacturer’s voluntary agreement that accounts for 6 TWh, or 
44%, of the 13.9 TWh total saving estimated for PlayStation®4. The next greatest electricity 
saving of 4.9 TWh, or 36%, is due to the mandatory power requirements for standby and 
networked standby modes. Finally, the remaining electricity saving of 2.9 TWh is due to 
further voluntary efficiency improvements introduced for PlayStation®4, including low 
power peripheral charging, efficient networked standby and standby modes (which exceed 
the regulatory requirements) and a suspend to RAM feature (assumed to be introduced 12 
months after launch). Considering the peak lifetime electricity use, Figure 4.22 shows that 
annual PlayStation®4 electricity use is estimated to peak at 1.33 TWh in the sixth year from 
launch compared to the baseline scenario that peaks in the seventh year from launch at 3.1 
TWh. It is, however, important to acknowledge the uncertainty regarding the electricity 
savings that could be achieved by a suspend feature. Section 4.10.3.1 details a sensitivity 
analysis that considers the possible range in the power consumption of a suspend mode on 
PlayStation®4 and the uncertainty regarding inactive time. Further research could refine the 
estimates of inactive time for games consoles and used measured power consumption data 
for suspend mode on PlayStation®4 once the feature is launched. 
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Figure 4.22 Comparison of PlayStation®4 lifetime electricity use estimates for different scenarios
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It is also interesting to consider how the annual electricity use per unit varies 
between scenarios for PlayStation®4 and how this compares to PlayStation®3 
electricity use. As explored in Chapter 3, the electricity use between PlayStation® 
platforms has increased considerably in the past; however, for the first time in the 
history of PlayStation® platforms, the power consumption between subsequent 
generation launch models has decreased. The mean gaming power consumption of 
the launch model of PlayStation®3 was 192.9 W compared to 126.4 W for 
PlayStation®4. Figure 4.23 shows the annual electricity use per console for various 
scenarios including the theoretical baseline estimate for PlayStation®4 and actual 
PlayStation®3 values. This shows that regulation 801/2013 is estimated to result in a 
reduction of 62.6 kWh/console over time, with the console manufacturer’s voluntary 
agreement resulting in additional electricity savings of 62.9 kWh/console. Comparing 
PlayStation®3 and PlayStation®4 electricity use per console at launch, PlayStation®3 
used 42.3 kWh/ console more than the PlayStation®4 at launch (145.3 kWh/console 
versus 103.0 kWh/console). Considering that PlayStation®4 electricity use also 
accounts for a predicted increase in usage, the difference in launch model electricity 
use increases to 67.3 kWh/console at launch if the same usage estimates are used. 
PlayStation®4 sales estimates used in this study are based on mean sales of all 
consoles from since 1995, which are lower than PlayStation®3 sales; PlayStation®4 
has experienced unprecedented sales since launch in November 2013, so sales may 
be significantly underestimated in this study. It is not possible, however, to predict 
how sales will develop over time. Assuming average sales for PlayStation®4, due to 
the improved efficiency of PlayStation®4 at launch cumulative electricity use would 
be 10.0 TWh, while PlayStation®3 cumulative electricity use based on actual sales to 
date is estimated to be 13.6 TWh. 
In terms of existing electricity use estimates for PlayStation®4 consoles, the NRDC 
estimate of 152 kWh/year for PlayStation®4 is 50% higher than that calculated 
herein (103 kWh/year) (NRDC, 2013a). The NRDC estimate uses different usage data 
based on the results of a metered study conducted in 2012 (Interek, 2012), versus 
this research that use the mean of estimates from multiple metered studies including 
Interek (2012), Market Transformation Programme (2009a), Nielsen (2009) and 
Nielsen (2010) (See Section 2.7.2 for full details). NRDC do state, however, that there 
is significant uncertainty regarding console usage, which is the main cause of the 
difference between these estimates. 
The following section estimates the best case electricity use compared to the 
baseline, with all efficiency improvements introduced to their maximum 
effectiveness. This will help to establish what opportunities remain for further 
electricity saving and the potential magnitude of savings. 
Amanda Webb       Doctoral Thesis 
229 
 
 
 Figure 4.23 Annual electricity use per console for various scenarios
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4.9.7 Best case electricity savings 
This section describes the maximum potential electricity savings that could be achieved, 
compared to the theoretical baseline and actual PlayStation®4 scenarios, if all of the 
efficiency improvements discussed above in Section 4.4 are introduced to their maximum 
effectiveness. For example, the best case considers a suspend feature that activates after 10 
minutes of inactivity and is available at launch, rather than the PlayStation®4 case that 
considers a suspend feature that activates after 20 minutes of inactivity and is introduced 12 
months after launch. The estimated lifetime electricity use of PlayStation®4 with all efficiency 
improvements is shown in Figure 4.24. This shows that further electricity savings of 3.4 TWh 
could be achieved if all efficiency improvements were introduced to their maximum 
effectiveness. This equates to total estimated electricity saving of 17.3 TWh, or 72%, for the 
lifetime of PlayStation®4 in Europe compared to the theoretical baseline. This shows what 
may be technically possible in the best case. The feasibility of these efficiency improvements, 
in terms of how easy or expensive they would be to adopt in future, is discussed below. 
 
Figure 4.24 Estimated lifetime electricity use of PlayStation®4 for different efficiency 
scenarios 
4.9.8 Summary 
This study estimates that substantial electricity savings of 13.9 TWh are possible over the 
lifetime of PlayStation®4 consoles in Europe, compared to a theoretical baseline scenario. Of 
this 13.9 TWh, 36% can be attributed to regulatory procedures including the mandatory 
standby and networked standby requirements (4.9 TWh), 44% of the savings estimated to 
arise from the voluntary agreement developed by manufacturers in response to the Eco-
design Directive Lot 3 study (6.0 TWh). The remainder is attributable to other efficiency 
improvements that have been introduced voluntarily, which result in additional estimated 
electricity savings of 2.9 TWh, although this estimate is sensitive to assumptions regarding 
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inactive time and the power consumption in suspend mode (explored in more detail in 
Section 4.10.3.1). Finally, it is estimated that further electricity savings of 3.4 TWh could be 
achieved through introduction of all efficiency improvements considered in this study to 
their maximum effectiveness. The costs and benefits of introducing the efficiency 
improvements not already present in next generation consoles are considered in Section 
4.11. The next section considers the assumptions used in calculating the estimated electricity 
savings for PlayStation®4 and the extent to which these could affect the results. 
4.10 Sensitivity Analysis 
As described above, due to a lack of data available for next generation consoles, and in some 
instances current HD consoles, assumptions are used to estimate the electricity saving of 
various efficiency improvements. Some assumptions relate to the potential success of next 
generation consoles, i.e. how many will be sold and how much the new features and 
functions will be used by consumers. In the majority of cases data uncertainty relates to 
console usage, including the time a console spends switched on but inactive and the use of 
headsets. As such, the sensitivity analysis takes two parts: 
1. Testing assumptions regarding success of next generation consoles – this considers 
market scenarios where a next generation console may sell more or less than the 
historic mean (Sales). Related to sales and the success of next generation platforms 
is whether consoles become more popular and are used for a wider variety of 
functions, or if consumers increasingly move to other devices such as smart phones 
and tablets for their gaming experiences (Usage); and 
2. Testing assumptions used to estimate potential electricity savings of efficiency 
improvements – where assumptions are used to estimate how consumers use their 
consoles, or how they may use new efficient features, upper and lower bound cases 
are considered that are based, where possible, on data available in the literature. 
Only assumptions relating to usage of next generation consoles, and estimating the potential 
electricity saving of efficiency improvements are considered initially, allowing different 
improvement scenarios to be considered on a per unit basis. This allows the impact of 
different usage assumptions to be studied in more detail. Following sensitivity analysis per 
unit, cumulative electricity use will be considered using different sales scenarios. The sales 
scenarios represent possible future trends in console sales; the high case assumes that sales 
of new consoles will remain high following the launch success, whereas the low case 
represents a situation where console sales are lower than previous platforms. 
4.10.1 Possible usage scenarios for next generation consoles 
Two further usage scenarios are developed for sensitivity analysis that consider the upper 
and lower bounds of the usage data used for estimating the baseline electricity use. These 
are: 
 High usage – usage is calculated using the highest metered estimate for HD 
consoles, 2.64 hours/day (Nielsen, 2009), plus an estimated 25% increase 
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that is all attributed to gaming. This scenario assumes that new features will 
be used by consumers, leading to an increase in usage of 25%. The 25% 
increase is based on the increase in usage estimated between previous 
PlayStation® platforms (See Section 3.7.1). Early reports for PlayStation®4 
suggest that the new features are being used by consumers with an 
estimated 800,000 gameplay broadcasts, 20 million minutes of live 
gameplay streamed across the globe and the share menu accessed 10.9 
million times (Hurley, 2013) which is likely to make up some of the assumed 
increase in usage. Networked standby mode is assumed to be activated by 
100% of users.; and 
 Low usage – usage is the same as for PlayStation®3 consoles, 1.7 hours/day, 
and networked standby is activated by 46% of users (Equipment Energy 
Efficiency Program, 2011). This reflects current trends that show an 
increasing number of people are gaming on mobile devices, however, rather 
than reducing the number of gamers active on traditional platforms, such as 
consoles, smartphones and tablets are opening up gaming to new audiences 
(GameVision, 2011a). This will not necessarily be the case in the future as 
tablet and smartphone technology becomes increasingly sophisticated and 
able to offer higher performance gaming experiences. It is also possible, that 
rather than the use of a new function leading to additional usage time, the 
use of a new function could substitute the time spent using existing 
functions, hence the low case assumes that usage time remains the same as 
for PlayStation®3 consoles. 
Table 4.17 Baseline usage estimates without efficiency improvements for different usage 
scenarios (h/day) 
Mode Low case for 
sensitivity 
analysis 
Assumed 
usage  
High case for 
sensitivity 
analysis 
Gaming 0.9 1.1 1.9 
Media 0.7 0.9 1.1 
Other 0.1 0.2 0.2 
Total on time 1.7 2.2 3.2 
Standby 12 4.8 0.0 
Networked standby 10.2 17.0 20.8 
TOTAL 24.0 24.0 24.0 
The usage estimates shown in Table 4.17 result in TEC estimates per unit that range between 
151 kWh/year and 274 kWh/year (see Figure 4.25). Figure 4.25 also shows the relative 
contribution of each mode to the total electricity use for each usage scenario. For instance, 
varying the activation of networked standby leads to a range in the contribution of this mode 
to total electricity use of between 29% and 36%. Alongside the increase in networked 
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standby contribution between low and high cases, is a corresponding decrease in standby 
electricity use estimates as consoles increasingly power down to networked standby mode 
from 5% in the low case to 0% in the high case. The contribution of gaming electricity use 
increases from 35% in the low case to 43% in the high case. For the baseline usage case 
gaming accounts for 33% of the total electricity use due to the higher estimated activation 
of networked standby modes, which accounts for 37% of total electricity use. Off and 
suspend modes are included in Table 4.25 for completeness, however, at the time of study 
suspend mode was not available on PlayStation®4 although it was planned for introduction. 
Off mode is not anticipated to be used in new consoles as they have features that either 
require a network connection, such as downloading content and updates, or require power 
to perform certain functions such as charging peripherals. 
 
Figure 4.25 Chart showing the possible range of PlayStation®4 baseline electricity use 
without efficiency improvements for different usage scenarios 
4.10.2 Summary 
This section describes the upper and lower usage scenarios developed to estimate the 
possible variation in baseline scenario electricity use (without efficiency improvements). This 
shows that the baseline electricity use estimates could vary substantially by 123 kWh/year, 
between 150.7 kWh/year and 274.2 kWh/year, depending on how next generation consoles 
are used. 
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4.10.3 Assumptions used to estimate the electricity saving of efficiency 
improvements 
The potential electricity saving of some efficiency improvements is largely dependent on user 
behaviour, something that is difficult to predict. Improvement cases that are based on usage 
assumptions include APD, suspend, separate video circuitry, low power peripheral charging, 
separate charging circuitry and low power download. The range of usage behaviours 
explored for different efficiency improvements, and the reasoning behind them, are 
explained below. 
4.10.3.1 APD and suspend to RAM 
In estimating console usage for APD scenarios, it is necessary to estimate the proportion of 
time a console spends switched on while not being actively used, or inactive. Research to 
establish how long users leave their consoles inactive has proved complicated; power meters 
are not able to discern between active and inactive usage and survey research results are 
unreliable (some users claimed to have activated APD on their system even though it was 
not available (Interactive Software Federation of Europe, 2010a)). This study uses the 
assumption that 30% of the time a consoles spends switched on is inactive, as per AEA (2010). 
Given the uncertainty regarding inactive time an upper bound of 50% inactive time is used 
to test the impact of these assumptions on the resulting electricity saving estimates. A higher 
inactive percentage could better account for heavier users who are known to account for 
75% of usage (Nielsen, 2007), although it is acknowledged that the estimates are based on 
average usage scenarios, and inactive time could be greater than 1 hour for heavier users. 
As such, the effectiveness of a 1 hour APD could be underestimated in this research. 
The results of the sensitivity analysis for APD and suspend are shown in Figure 4.26 and 
Figure 4.27. Increasing the proportion of time it is assumed a console is switched on but 
inactive from 30% to 50% can increase the electricity savings estimated for APD by up to four 
times. For example, the electricity saving for the 45 minute APD scenario increases from 5 
kWh/unit to 25 kWh/unit in the baseline usage scenario. This suggests that the inactive time 
estimate used in calculating the electricity savings could have a large impact. However, even 
with the assumption that 50% of the time a console is switched on is inactive, electricity 
savings from APD remain relatively low compared to other efficiency improvements. 
However, there is considerable uncertainty regarding inactive time and further research is 
needed to refine these estimates. In addition to considering the uncertainty regarding 
inactive time for suspend, the power consumption in this mode for PlayStation®4 is also 
unknown and could be higher than the 2.7 W estimated in this analysis. Given that the PC 
Eco-design Directive regulation stipulates a limit of 5 W for suspend mode, this will be used 
as an upper bound in sensitivity analysis. The estimated best case (50% inactive and 2.7 W) 
and worst case (30% inactive and 5 W) scenarios for suspend on PlayStation®4 are shown in 
Figure 4.28. 
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Figure 4.26 Chart showing the impact on electricity savings for an APD feature of varying 
the time a console spends switched on but inactive 
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Figure 4.27 Chart showing the impact on electricity savings for a suspend to RAM feature of varying the time a console spends switched on but inactive 
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Figure 4.28 Chart showing the potential variation in PlayStation®4 electricity use depending 
on the inactive time and power consumption assumptions for a suspend mode 
The results of the sensitivity analysis for the suspend scenarios shown in Figure 4.27 show 
that increasing the assumed time a console spends switched on but inactive to 50% increases 
the estimated electricity savings by between 20-30%. For example, for the baseline usage 
case, if 50% of the time a console spends switched on is assumed to be inactive then the 
total cumulative electricity saving increases from 65.2 kWh/unit to 108 kWh/unit for a 10 
minute suspend feature. This equates to over a 50% reduction compared to the baseline 
estimate of 199 kWh/unit. Figure 4.28 shows that, depending on the assumptions used for 
power consumption and inactive time, introduction of a suspend feature to PlayStation®4 
could actually result in an increase in electricity use, despite the large estimated savings 
compared to the baseline scenario. The increase in electricity use shown in the worst case 
scenario is caused by suspend mode replacing the time spent in networked standby that has 
a lower power consumption of 2.7 W versus 5 W for suspend. As such, the potential impact 
of introducing a suspend feature should be carefully considered to avoid any unintended 
consequences. 
4.10.3.2 Separate Video Circuitry 
It is assumed in the estimate of potential electricity saving for separate video circuitry that 
50% of media playback is disc based, i.e. DVDs and Blu-rays, and the other 50% is streamed 
content; this is the approximate split for HD consoles (Nielsen, 2013b). It is, however, likely 
that streamed content may take an increasing share of media playback time as there are an 
increasing number of streaming services available to consumers and an increasing number 
of consoles estimated to be connected to the Internet. In addition to the 50/50 split between 
disc based and streamed content, the following upper and lower bounds are considered: 
1. Low case - 0% disc based and 100% streamed content; and 
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2. High case – 75% disc based and 25% streamed content. 
The high and low cases are used to estimate the potential electricity saving for each of the 
three technology scenarios considered, where the power consumption of the separate video 
circuitry is varied. 
The results of the sensitivity analysis for a separate video circuitry are shown in Figure 4.29. 
This shows that varying the assumptions used to estimate the electricity saving of a separate 
video circuitry has very little effect on the overall estimated savings. For example, the high 
case electricity saving estimates vary by a maximum of 9 kWh/year for the highest power 
consumption scenario between 228 kWh/unit and 237 kWh/unit. The electricity saving of 
this improvement comes from the significant reduction in power consumption when playing 
media; whether this media is disc based or streamed has very little additional effect. 
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Figure 4.29 Chart showing the impact on electricity saving through introduction of a separate video circuitry when the proportion of time spent playing disc 
based media and streaming media is varied
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4.10.3.3 Low Power Peripheral Charging / Separate charging circuitry 
Of all the efficiency improvements considered in this analysis, low power peripheral charging 
and separate charging circuitry are the most significantly influenced by user’s behaviour. 
Assumptions are made for the following factors: 
 Proportion of users that use a headset when online gaming; 
 Proportion of users that use a headset when online gaming that leave their console 
on to charge their headset; 
 Proportion of on time spent inactive; and 
 Time spent online gaming. 
In order to understand the potential range of energy savings possible a range of exploratory 
assumptions are used, summarised in Table 4.18. 
Table 4.18 Summary of the assumptions varied for sensitivity analysis of low power 
peripheral charging and a separate charging circuitry 
Factor Low case High case 
Proportion of users using a 
headset to game online 
25% 75% 
Proportion of users that 
leave their consoles on to 
charge peripherals 
10% 50% 
Proportion of total on time 
spent online gaming 
16% (lowest proportion 
reported for PlayStation®3 
(Nielsen, 2011b)) 
38% (highest proportion of 
offline gaming for 
PlayStation®3 (Nielsen, 
2011b) 
Proportion of on time 
spent inactive 
30% 50% 
The sensitivity analysis results for low power peripheral charging and a separate charging 
circuitry are shown in Figure 4.30 and Figure 4.31 respectively. Varying the assumptions used 
to estimate the electricity use of consoles with a low power peripheral charging mode are 
shown to have a significant effect on the gross electricity saving; electricity use can vary by 
up to 21.4 kWh/unit for the baseline usage scenario depending on the assumptions used. 
Electricity savings are still relatively low compared to other efficiency improvements such as 
efficient networked standby mode and suspend. 
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Figure 4.30 Electricity savings with varying assumptions for low power peripheral charging 
scenario 
Similarly, the estimated electricity savings for a separate charging circuitry increase 
significantly between the different scenarios of headset usage. For instance, the electricity 
use for the baseline usage scenario varies between 188.7 kWh/unit and 199.3 kWh/unit, with 
a similar range shown for the high and low usage scenarios. Again, many other efficiency 
improvements still offer a much greater electricity saving. 
 
Figure 4.31 Electricity savings with varying assumptions for a separate charging circuitry 
scenario 
0
50
100
150
200
250
300
Low Usage Baseline usage High Usage
El
e
ct
ri
ci
ty
 U
se
 (
kW
h
/u
n
it
)
Usage Scenario
Baseline
25% of online gaming with
headsets
50% of online gaming with
headsets
75% online gaming with
headsets
0
50
100
150
200
250
300
Low Usage Baseline usage High Usage
El
e
ct
ri
ci
ty
 U
se
 (
kW
h
/u
n
it
)
Usage Scenario
Baseline
25% of online gaming with
headsets
50% of online gaming with
headsets
75% online gaming with
headsets
Amanda Webb  Doctoral Thesis 
242 
 
4.10.3.4 Low Power Download 
Numerous aspects of usage are varied to assess the possible range in electricity savings 
achieved through the addition of a low power download mode including: 
 Games downloaded per year – this is varied between 10% and 100% to reflect the 
possibility that the increased size of games may deter users from downloading, and 
also a case where the amount of content available to download increases; and 
 Update file size – initial indications suggest that the system updates for 
PlayStation®4 will be much larger than PlayStation®3; 400 MB compared to 165 MB. 
However, this could be due in part to major updates being released close to the 
launch of the product, while later during the product lifetime updates may become 
smaller as any launch issues are resolved. Therefore, the mean update size for 
PlayStation®3, of 165 MB is used. 
The results of the sensitivity analysis are shown in Figure 4.32. This shows that, given the 
minimal reduction in electricity use estimated for a low power download mode, varying the 
assumptions also has very little effect. For example, the estimated electricity savings for the 
low usage case range by just 1 kWh/unit. 
 
Figure 4.32 Electricity savings for a low power download mode with varying assumptions 
for the proportion of games downloaded 
4.10.4 Total lifetime electricity use 
In addition to uncertainty regarding the usage of next generation consoles, estimated sales 
are also uncertain. To establish the effect of sales on the electricity use of each efficiency 
improvement, two further sales scenarios are considered: 
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1. High sales - the mean of the three highest selling console platforms is used for sales 
data (PlayStation®, PlayStation®2 and Wii). This accounts for the possibility that one 
next generation console may be more successful than another, rather than assuming 
that each platform will have an equal share of total sales or that sales of next 
generation consoles will be higher than previously experienced; and 
2. Low sales - sales of consoles are 50% lower than the mean value. 
The sales data used in the low and high scenarios is summarised in Table 4.19. Calculating 
the baseline estimates for the different sales scenarios shows that the uncertainty regarding 
sales could have a considerable effect on the electricity use estimates for new consoles 
(Figure 4.33). This shows that the baseline estimate for next generation consoles could vary 
substantially between 12.0 TWh and 35.1 TWh. The implications of this wide range in 
baseline estimates for next generation consoles are discussed further below. 
Table 4.19 Sales scenarios for next generation consoles 
Year from 
launch 
Scenario (sales in millions) 
Low Assumed 
(mean) 
High 
+1 1.22 2.44 3.12 
+2 1.64 3.28 5.76 
+3 1.79 3.58 6.64 
+4 1.93 3.87 6.62 
+5 1.70 3.41 5.86 
+6 1.53 3.05 4.17 
+7 1.67 3.33 3.31 
+8 1.05 2.09 2.09 
+9 0.52 1.04 1.04 
+10 0.20 0.40 0.40 
+11 0.10 0.19 0.19 
+12 0.01 0.02 0.02 
Total 13.35 26.71 39.22 
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Figure 4.33 Estimated baseline lifetime electricity use for different sales scenarios 
Figure 4.34 shows the lifetime electricity use estimates for the three baseline scenarios of 
usage and sales. This shows that varying sales and usage has a significant effect on the 
estimated baseline electricity use, which ranges between 9.1 TWh and 48.4 TWh. Although 
the range is very large, these scenarios reflect possible real life scenarios where consoles 
could become increasingly popular and used for longer or gaming on other devices could 
replace consoles and sales could fall. 
 
Figure 4.34 Estimated baseline lifetime electricity use for three different sales and usage 
scenarios 
Table 4.20 shows the results of the sensitivity analysis for each efficiency improvement under 
the different usage and sales scenarios considered. This is also shown graphically in Figure 
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4.35. For both the low and the high case this shows that the efficiency improvements 
estimated to result in the greatest electricity savings are independent of the assumptions 
made; both suspend scenarios and early introduction of efficient networked standby mode. 
In addition, those improvements that result in very little or no electricity savings are also the 
same; APD (1 hour) and low power download. 
Although the estimated savings of each efficiency improvement for all market scenarios are 
the same at the extremes (i.e. highest and lowest electricity savings), for the high case the 
ranking of the efficiency improvements in terms of electricity savings is different. Most 
noticeable is that an efficient standby mode is not estimated to reduce electricity use at all 
in the high case market scenario due to the assumption that all consoles will power down to 
a networked standby mode. In addition, die shrink is estimated to result in the eleventh 
greatest electricity saving in the high case market scenario, versus the assumed scenario 
where die shrink is estimated to result in the ninth greatest electricity saving. However, 
despite the difference in order, the magnitude of the electricity saving from die shrink is 
equivalent to 9% of the estimated baseline electricity use for both market scenarios. 
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Table 4.20 Summary of estimated electricity use and savings for each efficiency improvement under different market scenarios 
 Low case Assumed High case 
Scenario 
Total electricity 
use (TWh) 
Estimated 
saving (TWh) 
Total electricity 
use (TWh) 
Estimated 
saving 
(TWh) 
Total electricity 
use (TWh) 
Estimated 
saving 
(TWh) 
Baseline Scenario 9.1 0.0 23.9 0.0 48.4 0.0 
APD (1 hour) 9.0 0.0 23.9 0.0 48.4 0.0 
APD (45 minutes) 8.8 0.3 23.3 0.6 46.8 1.6 
APD (30 minutes) 8.3 0.8 22.1 1.8 44.2 4.2 
Die Shrink 8.2 0.8 21.8 2.1 44.6 3.8 
Efficient Networked Standby (early introduction) 7.0 2.1 17.0 6.9 36.1 12.3 
Efficient Networked Standby (In line with regulation) 7.6 1.4 19.2 4.7 40.5 7.9 
Efficient Power Supplies (97%) 8.1 0.9 21.7 2.2 43.4 5.0 
Efficient Power Supplies (88%-90%) 8.5 0.5 22.7 1.3 45.5 2.9 
Energy Proportional Computing 8.3 0.8 22.0 1.9 44.4 4.0 
Low Power Peripheral Charging  8.7 0.3 23.1 0.8 46.9 1.5 
Low Power Download 9.0 0.0 23.9 0.0 48.4 0.1 
Separate Charging Circuitry 8.9 0.2 23.6 0.3 47.6 0.8 
Separate Video Circuitry (low power consumption) 7.3 1.8 19.3 4.6 39.5 8.9 
Separate Video Circuitry (mean power consumption) 7.5 1.6 19.8 4.1 40.4 8.0 
Separate Video Circuitry (high power consumption) 7.6 1.4 20.3 3.6 41.2 7.2 
Standby 8.7 0.4 23.6 0.3 48.4 0.0 
Suspend to RAM (20 minutes) 6.0 3.0 14.4 9.5 29.8 18.6 
Suspend to RAM(10 minutes) 5.7 3.3 13.6 10.3 28.2 20.2 
SoC 8.7 0.4 23.0 0.9 46.3 2.1 
PlayStation®4  3.6 5.4 12.2 11.7 20.6 27.8 
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Figure 4.35 Chart to show the estimated lifetime electricity saving of each efficiency improvement for each usage and sales scenario
0
5
10
15
20
25
30
Es
ti
m
at
e
d
 C
u
m
u
la
ti
ve
 E
le
ct
ri
ci
ty
 S
av
in
g 
(T
W
h
)
Efficiency Improvement
Low case
Assumed
High case
Amanda Webb  Doctoral Thesis 
248 
 
Despite the large variation in electricity use of the different baseline estimates, ordering of 
the efficiency improvements, if ranked by cumulative estimated electricity saving, changes 
minimally. Suspend remains by far the most effective means of reducing console electricity 
use followed by an efficient networked standby mode. In all market cases, efficiency 
improvements, such as low power download and a separate charging circuitry, to have a 
minimal impact on total electricity use. Although the magnitude of cumulative electricity 
savings may vary substantially depending on sales and usage, this research presents savings 
estimated assuming average sales and usage, which provides a reasonable basis to assess 
the efficacy of efficiency improvements for different policy scenarios. 
This section describes the upper and lower market scenarios developed to estimate the 
possible variation in the baseline cumulative electricity use (without efficiency 
improvements). This shows that the baseline cumulative electricity use of PlayStation®4 
could vary substantially by 39.3 TWh, depending on sales and usage. Despite the large 
variation in electricity use of the different baseline estimates, the efficiency improvements, 
if ranked by magnitude of total estimated electricity saving, has little effect on the order. 
4.11 Discussion 
The results and analysis presented above show that measured PlayStation®4 power 
consumption and estimated electricity use per unit is much lower than the theoretical 
baseline (without efficiency improvements). For example, gaming power consumption in the 
baseline is estimated to be 170.2 W versus 126.4 W measured on the launch model of 
PlayStation®4. This is due to a number of efficiency improvements and approaches used 
within PlayStation®4. The main findings of this research include: 
 Introduction of a suspend feature is estimated to offer the greatest electricity 
savings for PlayStation®4 compared to the baseline: A suspend feature with 
networked standby functionality is planned to be introduced for PlayStation®4 in the 
near future, although the exact details of how the feature will be implemented are 
unknown. Given that the APD time is already set to 20 minutes by default in Europe 
for PlayStation®4, it is likely that the suspend feature will also activate after 20 
minutes once available. Assuming this is the case, introduction of a suspend feature 
on PlayStation®4 is estimated to reduce electricity use by 9.5 TWh over the product 
lifetime, compared to the baseline estimate of 23.9 TWh. A suspend feature that 
activates after 20 minutes of inactivity is estimated to reduce the time a 
PlayStation®4 spends switched on by 0.5 hours/day, a reduction of almost 25%. A 
further benefit of a suspend feature is that it saves a user’s progress in the game 
when it powers down, and this can be resumed within seconds of the user waking 
up the console. Therefore, it is assumed that no users will disable the suspend 
feature as it will not interfere with their usage or lose any of their game data. 
 An APD of 1 hour is estimated to result in minimal electricity savings: In contrast to 
the introduction of a suspend feature, an APD feature is only estimated to offer 
minimal electricity savings for the average user. Compared to the baseline electricity 
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use estimate of 23.9 TWh the maximum estimated electricity saving of APD, when 
set to activate after 30 minutes of inactivity, is 1.8 TWh, more than four times lower 
than the suspend feature. This is particularly interesting for a number of reasons. 
Firstly, similar to a suspend feature, APD targets the time a console spends switched 
on but inactive; however, the period after which APD activates is somewhat 
compromised by the fact that a user will lose their progress in the game if they have 
not saved it. Secondly, data for the time a console spends switched on but inactive 
is limited. As discussed in Section 4.8.1, expert assumptions and estimates suggest 
that inactive time could be anywhere between 0.6 hours/day and 11 hours/day, 
however, metered data shows that the time a console spends switched on varies 
between 1.1 hours/day and 2.64 hours/day thus the higher estimates of inactive 
time can be disregarded for average users. Using the assumption that 30% of the 
time a console spends switched on is inactive leads to an estimated inactive time of 
less than 1 hour/day. Hence, the scenario that considers an APD after 1 hour is 
shown to result in no electricity saving despite this being the requirement in the 
console manufacturer’s voluntary agreement, with support from stakeholders, 
including NRDC (Console Manufacturers, 2013). However, considering that heavier 
users account for 75% of console usage (Nielsen, 2007), a 1 hour APD could result in 
significant electricity savings for these users. Research conducted regarding PC users 
showed that users were more likely to disable an APD feature if it interrupted their 
normal usage behaviours (Energy Center of Wisconsin, 2010). Finally, survey data 
shows that 14% of users never want their consoles to power off and so it is assumed 
these users will disable the feature. Compared to a suspend feature that is more 
likely to capture all users, APD may not suit some users behaviour leading to reduced 
electricity savings. It is also likely that the number of users that disable the feature 
will increase as the period before an APD event occurs is reduced. Next generation 
Xbox One and PlayStation®4 consoles have an APD feature that activates after 30 
minutes and 20 minutes of inactivity respectively. If users do not change the settings, 
then the electricity saving of APD could match that for a suspend feature; however, 
as explained above, it is likely that the loss of game progress and interruption of use 
will lead users to set the console to have a longer period of inactivity, thus reducing 
the potential electricity savings. 
 The potential combined effects of efficiency improvements must be considered: 
The two points above consider the estimated electricity saving of efficiency 
improvements in isolation. However, several efficiency improvements have been 
introduced together on PlayStation®4 and so it is vital that the combined effects of 
efficiency improvements, whether positive or negative, are considered. In particular, 
Section 4.10.3.1 shows that the introduction of a suspend feature one year after the 
launch of PlayStation®4 could in some situations potentially lead to an increase in 
electricity use and in others a decrease. 
 PlayStation®4 already features many of the efficiency improvements and 
approaches considered in this analysis: of the twelve efficiency improvements and 
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approaches considered in this assessment, ten of them already feature on 
PlayStation®4 consoles or are planned for introduction in the future. This is also true 
for Xbox One that shares many of the same improvements including a SoC, suspend 
to RAM, energy proportional computing and APD. The efficiency of both consoles 
could be further improved if the electricity saving of the improvements already 
implemented are maximised. This could be achieved through more ambitious 
targets, such as a 10 minute suspend feature, or further system optimisation. At the 
time of a product launch the main aim is to have hardware that functions as it should, 
however, as the engineers and developers become more familiar with the hardware 
and how the software uses the hardware, the system can be optimised to function 
more efficiently. For example, just one month after the launch of next generation 
consoles NRDC are calling for some features to be optimised including the low power 
peripheral charging feature on PlayStation®4 and the connected standby mode on 
Xbox One. On launch of a new model, system optimisation could be measured if 
there are no substantial improvements to hardware efficiency.  
 Power consumption of the PlayStation®4 launch model is lower than the 
PlayStation®3 launch model: power consumption measurements on PlayStation®4 
show that the power consumption in all active modes is considerably lower than the 
PlayStation®3 launch model. For instance, mean gaming power consumption on 
PlayStation®4 is measured at 126.4 W versus 198.2 W on PlayStation®3, with even 
greater reductions in media and navigation modes of 40% and 51% respectively. 
Furthermore, the low power modes also show a significant reduction on 
PlayStation®4 with standby mode 1.5 W lower than PlayStation®3 at 0.3 W and 
networked standby mode 13.9 W lower at 2.7 W. The most recent model of 
PlayStation®3 has much lower power consumption in active modes and standby than 
the launch model of PlayStation®4. Active gaming power consumption is almost 50 
W lower at 77.9 W, media playback 30.5 W lower at 66.2 W and navigation 15 W 
lower at 68.2 W. Networked standby power consumption, however, remains higher 
on PlayStation®3 at 8.5 W versus 2.7 W on PlayStation®4. With further die shrink, it 
is possible that PlayStation®4 power consumption could fall below the current 
PlayStation®3 levels in some modes, potentially achieving an estimated 91.5 W in 
active gaming and 60.5 W in other functions/navigation. This would suggest that the 
threat of mandatory regulation for games console energy efficiency has driven 
console manufacturers to improve the efficiency of consoles voluntarily. A practical 
example of this is the use of SoC in next generation consoles, rather than discrete 
CPU and GPU components, which has historically been used for mobile computing 
devices such as smart phones and tablets that are constrained in terms of battery 
life and size. The move by console manufacturers to SoC architecture demonstrates 
a strong commitment to improving games console energy efficiency in order to avoid 
mandatory regulation. 
 Cumulative electricity use of PlayStation®4 is estimated to be lower than 
PlayStation®3, assuming average sales in future: as shown in Section 4.9.4, on this 
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basis the electricity use of PlayStation®4 would be around 26% lower than 
PlayStation®3, 10.0 TWh versus 13.6 TWh, if console manufacturers achieve the 
power limits for media and navigation modes. In the past, electricity use between 
PlayStation® platforms has increased significantly, more than doubling between 
PlayStation® and PlayStation®2 and PlayStation®2 and PlayStation®3. The fact that 
PlayStation®4 mitigates and may even reverse this trend (depending on sales) would 
indicate that significant efficiency improvements have been made to the console 
hardware at launch, with further improvements and optimisation possible during the 
product lifetime. The analysis could be updated in future with actual sales data to 
improve the accuracy of the estimates. 
 The estimated electricity saving of the console manufacturer’s voluntary 
agreement is shown to be greater than the savings estimated for mandatory 
regulation to date: of the reduction in electricity use estimated for PlayStation®4 
compared to the theoretical baseline, 6.0 TWh or 44% of the 13.9 TWh is attributable 
to the console manufacturer’s voluntary agreement. Mandatory Eco-design 
Directive regulation for standby and networked standby modes accounts for 36% of 
these savings (4.9 TWh). Finally, a further saving of 2.9 TWh is estimated through 
additional improvements implemented for the PlayStation®4, such as suspend to 
RAM. 
 Remaining opportunities for electricity saving for PlayStation®4 are estimated to 
be significant, although not cost effective: this assessment has considered the 
estimated electricity savings for PlayStation®4 based on launch model power 
measurements, the efficiency improvements already present in PlayStation®4 and 
future compliance with the proposed requirements in the console manufacturer’s 
voluntary agreement and mandatory regulation. This is estimated to result in 
electricity savings of 13.9 TWh compared to the PlayStation®4 baseline electricity 
use estimate of 23.9 TWh. Also considered in the assessment is a best case scenario 
that considers the maximum electricity saving that could be achieved if all efficiency 
improvements are implemented on PlayStation®4 consoles fully i.e. a 30 minute 
APD, the most efficient separate video circuitry and a separate charging circuitry. 
This estimates that a further 3.4 TWh electricity saving, or an additional 14% saving 
compared to the 60% reduction already estimated for PlayStation®4. However, 
considering that the cumulative electricity use of PlayStation®4 is estimated to be 
10.0 TWh, the additional savings would actually account for a further reduction of 
34%. As such, these may be worth considering if they are cost effective. Assuming 
that a separate video circuitry would involve the integration of a standalone video 
circuitry into a console, such as that for an Apple TV streaming device that uses just 
2 W during active use, the payback period can be determined. The component cost 
of an Apple TV device, excluding manufacturing and distribution costs, is estimated 
to be $64 or £40 (Hesseldahl, 2010). Over the first five years from launch, the most 
efficient separate video circuitry would reduce average electricity use per console by 
191 kWh, compared to the theoretical baseline, saving an estimated £25.82 (Energy 
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Saving Trust, 2013). This shows that some efficiency improvements do not offer cost 
effective savings; incorporating a separate video circuitry would likely increase the 
life cycle cost of the product to consumers as the cost of the additional components 
is passed on to the consumer in the product retail price. The Eco-design Directive 
stipulates various criteria that must be fulfilled, including “there shall be no 
significant negative impact on consumers in particular regards the affordability and 
the life-cycle cost of the product” (European Parliament and Council, 2009). As such, 
any additional efficiency improvements not already present in next generation 
consoles should be considered carefully in terms of cost effectiveness. 
 The magnitude of future PlayStation®4 electricity use is highly uncertain due to 
unknown success, both in terms of sales and usage: Estimates of console usage, 
sales and power consumption have been made using a combination of data for 
historical trends and previous consoles, expert assumptions and technical data 
regarding component power consumption. To account for possible different 
scenarios, the upper and lower bounds of all data estimates and assumptions are 
used to perform sensitivity analysis. This suggests that the cumulative electricity use 
of the baseline scenario could range between 9.1 TWh and 48.4 TWh. Obviously this 
has an impact on the magnitude of electricity savings that can be anticipated. This 
research provides a sound basis upon which different options to improve the energy 
efficiency of consoles can be evaluated and compared. Despite the uncertainty 
regarding sales and usage, the consideration of electricity use per unit shows that an 
electricity saving is still estimated. Furthermore, this study gives a good indication of 
the impact of gaming on climate change. Further research can update this study as 
more data becomes available regarding usage and sales. 
 The console manufacturer’s voluntary agreement is estimated to achieve a saving 
of 0.8 TWh in 2020 for PlayStation®4 alone: There are numerous specific 
requirements relating to the pursuance of a voluntary initiative under the Eco-design 
Directive, as discussed in Chapter 1, but as a basic condition voluntary agreements 
must demonstrate that they are likely to deliver the policy objectives faster and in a 
less costly manner (Intertek, 2013). The Eco-design Directive preparatory study for 
games consoles estimated electricity savings of 3.1 TWh in 2020 for HD consoles; 
however, 0.4 TWh of this was attributable to the standby regulation. Furthermore, 
a critique of these estimates by the research engineer recalculated the savings to be 
much lower at just 0.5 TWh/year in 2020. Therefore, the current voluntary 
agreement by console manufacturers is shown to exceed the estimated saving for 
action proposed previously for HD consoles; it is estimated that PlayStation®4 alone 
will achieve a saving of 0.8 TWh/year demonstrating the effectiveness of the 
voluntary approach for consoles. 
 Reductions in the electricity use of all modes contribute to the total savings: the 
results of this research show that efficiency improvements are likely to reduce the 
power consumption in all modes; something that is not acknowledged by the focus 
on media and navigation mode power consumption to date (NRDC and Energy 
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Solutions, 2011). For example, die shrink is estimated to reduce the power 
consumption in gaming mode, the highest power mode available on consoles, by the 
same proportion as that needed to achieve the power caps in the manufacturer’s 
voluntary agreement. This highlights the importance of fully considering the impact 
of efficiency improvements in order understand the electricity savings that can be 
achieved. 
The cumulative estimated electricity saving for PlayStation®4 compared to the theoretical 
baseline is significant. 13.9 TWh equates to a reduction in carbon emissions of 6.1 Mt of CO2e 
(Carbon Trust, 2013) equivalent to 12% of UK domestic electricity demand in 2012 
(Department of Energy and Climate Change, 2013). Despite the predicted significant 
reductions in annual electricity use of PlayStation®4 consoles compared to the baseline, the 
relatively cheap cost of electricity results in low cost savings for consumers. For example, the 
annual running cost of a PlayStation®4 at launch is £12.96 lower than the baseline estimate 
of £26.87 (Energy Saving Trust, 2013). Towards the end of the product lifetime, the saving is 
estimated to be even greater at £17.54; however, it is unlikely that consumers will notice 
this. Although the predicted impact of the console manufacturer voluntary agreement for 
games console energy efficiency is shown to offer significant electricity savings, it is 
interesting to consider how this compares to other Eco-design Directive regulations for other 
products. A recent study reviewing existing implementing measures suggests that next 
generation games consoles have relatively low potential for electricity saving. Assuming that 
electricity savings for Xbox One will be of a similar magnitude indicates a saving of 1.6 
TWh/year in 2020, compared to requirements for other products that were estimated to 
achieve annual savings of between 1.5 TWh (washing machines) and 39 TWh (non-directional 
household lamps) in 2020 (CLASP, 2013). It could, therefore, be suggested that the resources 
of governments and agencies working to reduce the impact of electronic products could 
perhaps be better spent focussing on other product groups that hold greater potential for 
electricity saving. 
The electricity saving estimates presented above specifically relates to the hardware 
architecture of PlayStation®4 games consoles. In early 2014, the only other next generation 
console on the market is the Xbox One, which has similar hardware architecture to the 
PlayStation®4. It is, therefore, likely that Xbox One consoles will experience a similar 
magnitude of reductions in power consumption for each of the efficiency improvements 
considered. However, when considering the cumulative electricity use of next generation 
consoles, how the consoles are used is likely to lead to differences in electricity use 
estimates; Xbox One has different features that could be used differently by consumers. This 
has already been highlighted by NRDC that estimate an increase in the usage of Xbox One by 
an extra 5 hours/day for 30% of users that are assumed to use the TV integration feature, 
which allows consumers to control their Set Top Box or Cable box using their console (NRDC, 
2013b). It is unknown whether the results of this study will be applicable to any other next 
generation consoles that launch over the coming years as there is currently no indication of 
when these products may launch or the hardware, performance and functionality they will 
have. 
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4.12 Research Implications 
Console manufacturers have presented the results of this research to the European 
Commission and NGOs including NRDC and Enervee to support the claims regarding the 
potential electricity saving that could be achieved for new next generation consoles through 
adoption of the voluntary agreement. This has demonstrated the ambition of the voluntary 
approach, which is estimated to result in greater cumulative electricity savings than 
mandatory regulations that already apply to games consoles (6 TWh versus 4.9 TWh for 
PlayStation®4). Furthermore, the research also highlights the significance of the voluntary 
agreement power caps for media and navigation mode, with the electricity savings for 
gaming mode also estimated that were previously not able to be accounted for before new 
consoles launched. 
In addition, this research has helped to guide engineers to assess potential electricity savings 
from different efficiency improvements and consider priorities for future product 
development to reduce the electricity use of PlayStation®4. In future, the results of this 
research can also guide further efforts to improve console efficiency by establishing where 
the greatest potential for electricity saving remains. 
4.13 Limitations and Further Work 
The major limitation of this research is that the input data for the TEC calculation, particularly 
regarding usage and sales of next generation consoles, is based on data for HD PlayStation®3 
consoles. At the time of study PlayStation®4 and Xbox One had only just launched and so 
data on usage was unavailable. Furthermore, since the launch of Xbox One and PlayStation®4 
in November 2013, sales have been unprecedented with 0.75 million and 1.5 million sold 
respectively to the end of 2013 (VGChartz, 2012a). It is not possible, however, to predict if 
high sales will continue and so the mean sales figures for previous console platforms are 
used. The power consumption data has been updated for use in the TEC calculation, although 
usage data remains unavailable. This study could be further updated as more data becomes 
available for next generation consoles particularly regarding sales and usage. In addition, the 
estimate of inactive time is highly uncertain and could have a considerable impact on the 
estimates of electricity saving for APD and suspend. This research has used average usage 
scenarios, which may underestimate the time a console spends inactive for heavier users. As 
such, this research may play down the efficiency savings that could be achieved by a 1 hour 
APD. Further research could establish a more accurate estimate of inactive time for next 
generation consoles. 
The electricity savings calculated herein are specific to PlayStation®4 consoles. Whether 
similar savings can be expected for other next generation consoles, such as Xbox One, is 
worthy of investigation. Considering that the hardware architecture of both PlayStation®4 
and Xbox One are similar, in that both consoles have a 28 nm SoC manufactured by AMD, 
500 GB HDDs, and 8 GB of RAM, similar savings could be expected. To calculate the potential 
electricity savings for Xbox One, a new baseline estimate of the console power consumption 
is needed to reflect the hardware specifications of the console. This would enable potential 
electricity savings estimates to be made for all next generation consoles. 
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Further work could investigate efficiency improvements not included in this assessment. In 
addition, as technology continues to develop and new efficiency improvements become 
available, further assessment could estimate the electricity saving potential of new 
technologies such as cloud gaming (where computation of games is undertaken in data 
centres rather than by consoles). In addition, there is also value in continuing to monitor the 
effectiveness of the efficiency improvements included in this analysis so that the research 
findings can be updated and any opportunities to increase the efficiency gains for specific 
improvements can be identified and fed into future policy and product development. 
4.14 Conclusions 
Past research has suggested that, despite improvements in efficiency, because of increased 
performance the electricity use of games consoles has increased over time. The results of 
this study show that next generation consoles could potentially use less electricity 
cumulatively, assuming average historic sales of games consoles, while providing significantly 
higher performance and an increased number of functions compared to Xbox 360 and 
PlayStation®3 HD consoles. This could have an important impact on policy development for 
games consoles, as it appears that the threat of mandatory requirements has spurred 
console manufactures to consider product efficiency from the outset. Furthermore, this 
research indicates which efficiency improvements offer the greatest electricity saving, 
information that has helped to guide policy makers to continue to review the potential for 
console manufacturers to reduce the electricity use of their products, and hence their 
contribution to climate change, and guide engineers responsible for designing consoles. 
The following chapter discusses the results of this research project as a whole and considers 
how the findings can be used to improve the development of energy efficiency regulations 
and standards for games consoles and other consumer electronics. The thesis concludes with 
recommendations for further work and where resources should be directed to maximise the 
electricity savings for games consoles. 
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5 Summary & Conclusions 
5.1 Chapter Objectives 
This chapter will: 
 Recap the background to the research and the research completed; 
 Summarise the main findings of the research; 
 Discuss the implications of these findings for both industrial and academic 
audiences; 
 Describe any limitations to the research results and suggest further research that 
can address these limitations; and 
 Review the existing process for improving product energy efficiency and 
recommend improvements that can be made. 
5.2 Research background 
Without intervention, the electricity use of Consumer Electronics and Information and 
Communications Technology is expected to rise by 250% by 2030 (Asia Pacific Economic 
Cooperation, 2009). In response to this, and as discussed in Section 1.3, legislation to 
improve the energy efficiency of domestic appliances is being introduced in the EU, the US 
and California specifically, and Australia to reduce carbon emissions associated with their use 
and contribute to climate change mitigation. 
Games consoles are one product group that has attracted the attention of policy makers. 
Over time, console sales have increased, computing performance has improved substantially 
(resulting in increased power consumption) and the increasing number of ancillary functions 
in addition to gaming has likely led to an increase in usage. The combination of these three 
factors has led to an increase in the cumulative electricity use of games consoles and, as 
discussed in Section 1.7, various Governments have studied games consoles for the 
development of standards and regulations to improve their energy efficiency and reduce 
their electricity use. Initiatives studying games consoles include the Californian Energy 
Commission Appliance Efficiency Standards, the European Commission Eco-design Directive, 
the United States Environmental Protection Agency ENERGYSTAR® Programme and the 
Australian Equipment Energy Efficiency Programme. These energy efficiency initiatives are 
either voluntary (ENERGYSTAR®), mandatory (Californian Appliance Efficiency Standards and 
the Equipment Efficiency Programme) or both (Eco-design Directive). Only the ENERGYSTAR® 
process has resulted in the adoption of any measures to date, which focus on APD settings 
and the power consumption of games consoles in media and navigation modes; however, it 
is a voluntary standard and no console manufacturers have yet chosen to be recognised by 
the programme. The proposals from the other initiatives focus on the same areas of games 
console electricity use, although the power consumption limits for media and navigation 
modes vary. Despite the different requirements currently proposed in different regions, the 
most stringent requirements will, if made mandatory, set the benchmark for games console 
energy efficiency globally as these products are manufactured for a global market. 
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The challenge for policy makers is to continue to allow innovation in games console 
technology, which results in novel gaming experiences and functions, while also limiting the 
electricity use of these devices to minimise their impact on climate change. 
However, as discussed in Chapter 1, estimates of console electricity use in the literature to 
date have been hampered by a lack of data for usage and power consumption. In some cases 
this has led to the use of incorrect assumptions, such as that 50% of consoles are never 
switched off (NRDC, 2008a), resulting in an estimate of annual console electricity use that 
was equivalent to the electricity use of two refrigerators. Some of these assumptions were 
made to prompt policy makers into action, while others were made because of the lack of 
data. The uncertainty regarding console electricity use is discussed in Section 1.8, which 
shows that estimates range widely between 32 kWh/year and 500 kWh/year. As a result of 
this uncertainty, policy makers have struggled to develop regulations or standards for games 
console energy efficiency. Without fully understanding the impacts, both in terms of 
potential electricity saving and possible economic impacts on the gaming industry, it is 
difficult to assess the best course of action. 
The work contained in this thesis addresses the issues discussed above in order to assess the 
actual electricity use of consoles and which efficiency improvements and technologies hold 
the greatest potential to reduce console electricity use. This research has helped to ensure 
that the information required to develop appropriate regulations and standards for games 
console energy efficiency is available to relevant stakeholders, including manufacturers, 
NGOs and policy makers, to improve the effectiveness of regulations and standards for game 
consoles so that the impact of these products on climate change can be reduced. 
5.3 Recap of Research 
To improve the analysis of games console electricity use the following work was required to 
fill gaps in existing research: 
 Improved analysis of data for console usage and inactive time; 
 Detailed understanding of games console power consumption over time (both 
within and between product generations); and 
 Improved understanding of console architecture and the magnitude of electricity 
saving that can be achieved through efficiency improvements. 
The following research has been completed to address these areas: 
 A meta-analysis of existing research on power consumption and usage has been 
conducted to identify the most accurate data available for HD consoles. Only HD 
consoles are considered as, at the time of study (2012), HD consoles accounted for 
the majority of sales and no further SD consoles are expected to launch in future. 
Using Typical Electricity Consumption (TEC) methodology, the usage and power 
consumption data selected are used to calculate new electricity use estimates that 
differentiate between HD consoles in use and new models on sale in 2012 (this 
research is detailed in Chapter 2 and was also published as Webb et al. (2013)). The 
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meta-analysis shows that power consumption data for HD consoles is incomplete, 
and does not accurately capture the reductions that occur over the product lifetime 
because of hardware improvements;  
 To address this lack of data the power consumption of a sample unit of each model 
of PlayStation® platform has been measured. These data are used to refine the 
estimates for HD consoles in use, described above. In addition, these data have been 
used to estimate the total electricity use of PlayStation® platforms in Europe over 
time to December 2012 (detailed in Chapter 3). These data show that the electricity 
use of PlayStation® platforms has increased substantially between product 
generations; and 
 To establish whether the trend of increasing electricity use between product 
generations will continue for PlayStation®4, a detailed study of the PlayStation®4 
hardware has been completed to estimate the cumulative electricity use. A thorough 
investigation into the potential electricity saving of various efficiency improvements 
has also been completed, using PlayStation®4 as a case study, to identify which hold 
the greatest potential for electricity saving (detailed in Chapter 4). 
5.4 Key Findings 
This section summarises the key findings of the research. These findings have applications 
and implications for stakeholders involved in the development of energy efficiency policy of 
games consoles, which are discussed further below. The key findings are as follows: 
5.4.1 Efficiency improvements including suspend to RAM and an efficient 
networked standby mode have the greatest potential to reduce games 
console electricity use 
Due to a lack of data, much of the existing research on games console electricity use was 
based on incorrect assumptions about usage. One example of this is the assumption made 
by the NRDC (2008a) that 50% of users never switch their console off; this equates to 50% of 
consoles spending around 22 hours/day switched on but inactive. Consequently, NRDC 
proposed that a 1 hour APD be introduced for consoles, reducing the inactive time for that 
50% of consoles by 21 hours/day and resulting in large electricity savings. However, research 
on usage data for consoles has shown that on average they are switched on for only 2 
hours/day. As such, the savings of APD are likely to be considerably lower. The research for 
next generation PlayStation®4 consoles in Chapter 4 estimates that the time a console 
spends inactive is already below 1 hour on average, based on metered usage data for HD 
consoles. As such, a 1 hour APD may not result in substantial electricity savings on average, 
although the inactive time estimate used in this research does not account for heavier users 
that are responsible for 75% of total usage (Nielsen, 2007). Section 5.6 highlights inactive 
time estimates as an area where further research could be beneficial. 
This research estimates the potential electricity saving of various efficiency improvements 
for PlayStation®4 could be substantial at up to 10.3 TWh between launch and 2030. A 
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suspend to RAM feature and an efficient networked standby mode are estimated to have 
the greatest potential to reduce the electricity use of games consoles compared to the 
theoretical baseline, with maximum estimated savings of 10.3 TWh and 6.9 TWh 
respectively. Furthermore, some efficiency improvements are shown to reduce power 
consumption across all modes including gaming, such as die shrink and efficient power 
supplies in contrast to others, such as efficient networked standby and standby modes that 
only reduce power consumption in specific modes. To date the potential electricity savings 
resulting from reduced power consumption in gaming mode have not been considered fully 
in previous studies due to a focus on media and navigation mode power consumption. In 
fact, the research shows that the attention given to reducing navigation and media modes 
power consumption and the introduction of an APD feature are likely to miss some of the 
greater electricity savings achievable. In particular, the attention given to console media play 
power consumption by policy makers and NGOs highlights the risk of basing policy 
recommendations on incomplete data and assumptions. The interest in media power 
consumption stems from comparisons with discrete media players, which are more efficient 
at playing media than consoles. In addition, it is estimated that the time spent playing media 
on consoles will increase in future as more streaming services become available to 
consumers. However, a study of usage actually shows that the share of time between types 
of media play is shifting to streaming rather than disc based media, as opposed to increasing 
(Nielsen, 2013b). The voluntary ENERGYSTAR® recognition criteria for games consoles in the 
US includes a 50 W power cap for media play, with proposals made by NRDC to the 
Californian Energy Commission also recommending 50 W for media play. The analysis in 
Chapter 4 shows that a 50 W media power cap is only estimated to reduce PlayStation®4 
electricity use by 3.6 TWh compared to the baseline, with other efficiency improvements 
such as efficient networked standby and suspend to RAM estimated to result in much greater 
electricity savings of between 4.7 TWh and 10.3 TWh. Furthermore, the 50 W media cap is 
likely to limit significantly the performance of this function on games consoles to the 
detriment of the consumer experience, whereas an efficient networked standby mode, for 
example, will have little or no impact on consumers. In addition, to achieve a 50 W power 
cap for media modes would be costly for manufacturers and therefore the consumer; as 
discussed in Chapter 4, the cost of the electricity saved does not nearly equate to the cost of 
adding a separate video circuitry, which is the only way that this power limit could be 
achieved. This would increase the Life Cycle Cost of the device to the consumer. Two criteria 
of the Eco-design Directive that would be contravened by the use of a separate video circuitry 
include not increasing the Life Cycle Cost of the product for consumers and not negatively 
affecting the function of the product from the perspective of the consumer. 
The results of this research have been used by console engineers to inform some aspects of 
product development to improve the energy efficiency of new consoles from the outset. 
Other stakeholders, such as NGOs and Member States can also use the results of this 
research to focus their attention on areas of console electricity use and efficiency 
improvements that will result in the greatest electricity savings and reduce the impact of 
these devices on climate change. 
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5.4.2 The combined effects of efficiency improvements must be considered in 
order to avoid unintended consequences 
Although a suspend to RAM feature is estimated to result in substantial electricity savings 
compared to the theoretical baseline, when considered alongside other efficiency 
improvements that have or will be introduced for PlayStation®4 the outcome in terms of 
electricity saving is less straightforward. In particular, the introduction of a suspend feature 
one year after the launch of PlayStation®4 could in some situations potentially lead to an 
increase in electricity use. The estimated increase for suspend is caused by the assumption 
that the power consumption could be 5 W in a worst case scenario, replacing the time spent 
in standby and networked standby modes with power consumption of 0.5 W and 2.7 W 
respectively. If the power consumption of suspend is 5 W then the estimated electricity 
savings for PlayStation®4 will be reduced as this will mitigate some of the savings estimated 
for other efficiency improvements including die shrink, efficient power supplies and SoC. It 
is recommended, therefore, that before introducing any further efficiency improvements, 
the impact on electricity use should be estimated to ensure that it does not result in an 
increase in electricity use. 
5.4.3 The cumulative electricity use of PlayStation®4 in Europe could be lower 
than PlayStation®3 depending on sales 
Given the substantial increase in cumulative electricity use shown between previous 
generations of PlayStation® platform shown in Chapter 3, stakeholders including NGOs, the 
EU, Australian and United States Governments were concerned that the cumulative 
electricity use of PlayStation®4 would be considerably higher than PlayStation®3 (Intertek, 
2013). However, this research estimates that the cumulative electricity use of PlayStation®4 
could be 3.6 TWh lower than PlayStation®3 and 13.9 TWh lower than the theoretical baseline 
estimate for new consoles had no efficiency improvements been made. Although this 
estimate is based on average sales that are highly uncertain, even under a high sales scenario 
PlayStation®4 electricity use is estimated to be of a similar magnitude to PlayStation®3, 
showing a break in the trend of increased electricity use between previous generations (see 
results in Chapter 3). In addition, considering the electricity use per unit removes the 
uncertainty regarding sales. PlayStation®4 electricity use per unit is lower than PlayStation®3 
at launch, 103 kWh/year compared to 145.3 kWh/year. This is despite an estimated 25% 
increase in usage compared to PlayStation®3 and a targeted ten-fold increase in 
performance (Cerny, 2013). These energy efficiency improvements have occurred in the 
absence of mandatory regulations or standards, however, the approach in the EU leaves 
manufacturers little alternative. The Eco-design Directive gives priority to a voluntary 
approach, provided that the criteria listed in Annex VIII of the Directive are met, and is 
currently the approach being reviewed for games consoles. If a voluntary approach fails or is 
shown to be ineffective then mandatory regulations may be introduced instead. By avoiding 
mandatory regulations manufacturers benefit from more flexible requirements allowing 
them to continue to develop new functionality and gaming experiences for users. It is, 
therefore, in their interest to ensure that the EU accepts the voluntary approach. The finding 
that PlayStation®4 halts and may even reverse the trend of increasing electricity use between 
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product generations supports the Porter Hypothesis, which argues that environmental 
regulations can help to accelerate environmental improvements while also triggering 
innovation (Porter and Lind, 1995). The threat of mandatory regulation for games consoles, 
that could limit the performance of the products themselves, has forced manufacturers to 
invest in innovative solutions to drive down power consumption while maintaining 
performance. Without this threat, history suggests that console power consumption would 
have continued to increase. The pressure to reduce power consumption of consoles 
highlighted the disparity between similar products, such as gaming PCs, which target a similar 
market but have considerably higher power consumption. The innovation to reduce console 
power consumption is likely to have improved their competitiveness compared with similar 
product groups. 
In terms of the reduction in electricity use of PlayStation®4, compared to a theoretical 
baseline had no efficiency improvements been made, the reduction in cumulative electricity 
use is estimated to be 13.9 TWh in Europe by 2030; equivalent to 0.3% of EU domestic 
electricity use in 2010 (European Commission, 2012b). This will lead to an estimated 
reduction of 6.1 Mt of CO2e in Europe to 2030 (Carbon Trust, 2013). The estimated 
cumulative electricity savings for PlayStation®4 are a result of: 
 Mandatory horizontal Eco-design Directive regulations for standby and networked 
standby modes, accounting for 36% of the total reduction (4.9 TWh); 
 Measures proposed in the console manufacturer’s voluntary agreement under the 
Eco-design Directive, accounting for 44% of the total reduction (6.0 TWh); and 
 Additional actions by manufacturers, accounting for the remaining 21% of the total 
reduction (2.9 TWh). These are not included in the manufacturer’s voluntary 
agreement as they cannot be harmonised across the different products currently 
available on the market. 
The extent to which the improvement in next generation games console energy efficiency 
can be attributed to the threat of regulation is difficult to estimate. However, given the trend 
for increasing electricity use between product generations as identified in Chapter 3, which 
occurred against a similar background of technological innovation and development, 
PlayStation®4 power consumption was expected to be higher than PlayStation®3 at launch. 
In fact, the gaming power consumption of PlayStation®4 is around 75 W lower at launch than 
PlayStation®3 at launch. This is mainly the result of a significant design change in new 
consoles, such as the use of a SoC designed for mobile computing applications such as 
smartphones and tablets, rather than a discrete CPU and GPU, improved power scaling and 
efficient power supplies. This demonstrates that manufacturers have considered product 
efficiency from the outset for PlayStation®4, due to the threat of mandatory regulation that 
could impede or detriment console functionality and user experience if the requirements are 
too stringent. It is important to note that this is also a factor of timing; initial interest in 
console energy efficiency started in 2008, soon after the launch of PlayStation®3, when new 
next generation consoles such as PlayStation®4 and Xbox One would have been at a very 
early stage of their development. Figure 5.1 shows a decoupling in the relationship between 
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increased performance and increased electricity use between PlayStation® platforms from 
around 2008 onwards when the development of regulations and standards for console 
energy efficiency began. 
In addition, given the current capability of technology, further efficiency improvements that 
could be used in new next generation consoles are estimated to result in cumulative 
electricity savings of 3.4 TWh to 2030, although at present some of these, such as a separate 
video circuitry, are not cost effective. Therefore, the role of regulations and standards for 
new consoles, as they currently exist, is unclear. It is, however, likely that the functionality 
of these devices will continue to develop from launch, as was the case for HD consoles, 
through the development of cloud based gaming services and the provision of Ultra HD 
content for example. These new functionalities could present further opportunities for 
electricity saving in future. At the same time, developments in technology could also present 
new opportunities for electricity savings that can be assessed in the future. 
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Figure 5.1 Chart showing the average annual electricity use per unit for PlayStation® platforms over time in Europe
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5.4.4 The console manufacturer’s voluntary agreement is ambitious and will 
contribute towards climate change mitigation 
The games console market is highly competitive, with three manufacturers. In order to 
distinguish their products from one another, each console provides a different combination 
of functionality and performance. To maintain competitive advantage, the specifications and 
functions of new consoles are highly confidential prior to launch, which limits the 
opportunity for an ex-ante assessment of these products. Under these circumstances, policy 
makers have a challenging task to anticipate developments in game console technology. Due 
to the commercially sensitive nature of new console specifications, manufacturers are best 
placed to determine what is achievable for their products, although this must occur against 
a backdrop of pressure from NGOs and other stakeholders to push manufacturers to make 
demonstrable electricity savings. This is supported through a voluntary approach. Although 
a voluntary approach is more flexible to technological change, innovations should not 
necessarily be used as an excuse to use more power. Pressure on manufacturers to consider 
efficiency from the outset and not just commit to improvements after a product has 
launched must be maintained. This was the case for new next generation Xbox One and 
PlayStation®4 consoles and is shown to have had a significant impact on product efficiency 
(see Section 5.4.3). 
Games console manufacturers have developed a voluntary agreement as an alternative to 
mandatory regulation that this research estimates will result in electricity savings of around 
0.8 TWh/year in 2020 in Europe for PlayStation®4 consoles, based on power caps for media 
and navigation modes and detailed APD requirements. Although the estimated electricity 
saving in 2020 is relatively low compared to other product groups covered by the Eco-design 
Directive, such as simple set top boxes (6 TWh) and external power supplies (9 TWh), the 
estimated saving for games consoles is equivalent to a 74% reduction in electricity use 
compared to the theoretical baseline estimate (3.1 TWh in 2020). Because the performance 
of consoles is held constant over the product lifetime and consoles have relatively long 
lifetimes compared to other products such as computers that are succeeded quickly by new 
hardware versus, console manufacturers are limited to the extent to which they can change 
the hardware after launch. The Eco-design Directive process for consoles has been unusual 
in that manufacturers were set an arbitrary target for electricity saving of 1 TWh/year in 2020 
for their voluntary agreement, which was determined by the Commission to be reasonable 
in terms of ambition and achievable for manufacturers. This approach has given 
manufacturers control over the requirements that they set for their products, while also 
having the threat of mandatory regulation if they cannot show that they achieve this 
electricity saving. This research shows that a 1 TWh/year saving in 2020 is ambitious; even 
the best case scenario that assumes all efficiency improvements are used is only estimated 
to result in additional electricity savings of 0.3 TWh/year in 2020 for PlayStation®4, with 
many of the efficiency improvements not already used shown not to be cost effective at 
present. Although setting arbitrary electricity saving targets may lead to manufacturers 
delaying some improvements until the time they are required to demonstrate the savings, it 
also this gives them the freedom to achieve the required ambition in a way that suits their 
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products and allows innovation to continue. It is also shown that this is not the case for 
PlayStation®4 as electricity savings are estimated to peak in 2019. 
One of the key drivers of the substantial reduction in electricity use is the nature of the Eco-
design Directive process in the EU; the Eco-design Directive has a flexible approach to 
implementation of regulations and standards for products with the option for horizontal or 
vertical measures that can be implemented on a voluntary or mandatory basis. As described 
above, the Eco-design Directive process for games consoles has been very effective. This is 
due to a combination of mandatory requirements for standby and networked standby modes 
and voluntary requirements for games consoles, both of which are estimated to result in 
electricity savings for PlayStation®4 consoles of around 0.8 TWh/year in 2020. This highlights 
an important trend for Eco-design Directive implementing measures, in that where the 
functionality being considered for regulations and standards is well defined and the 
technology is readily available to implement improvements, such as standby mode, there is 
no reason not to regulate. In contrast, products that have followed a voluntary route, such 
as imaging equipment and complex Set Top Boxes, have less well defined functionality that 
is not necessarily consistent between products on the market and is expected to be very 
different in the future as technology develops, for instance games consoles and complex Set 
Top Boxes. In these instances, voluntary measures are better suited to respond to changes 
in products without stifling innovation by setting mandatory limits. Furthermore, as shown 
in Chapter 3, the peak electricity use of a games console platform is estimated to occur 
around five years after a console platform launches, the same period during which the 
majority of power consumption reduction occurs due to hardware redesign and efficiency 
improvements. This leaves a narrow window for the development and implementation of 
mandatory regulations and standards if electricity savings are to exceed those already 
achieved through product redesign under a Business as Usual scenario. 
Therefore, the role of policy after the launch of a new console platform is likely to be limited 
except for improvements that can be implemented through firmware updates, such as 
changing APD settings. Considering the current capability of technology, further electricity 
savings beyond those already estimated over the product lifetime for PlayStation®4 (13.9 
TWh) are substantial at around 3.4 TWh. However, achieving any additional electricity 
savings requires the adoption of some efficiency improvements, such as a separate video 
circuitry, that are not cost effective at present. 
Contrary to the widespread belief by many stakeholders that voluntary agreements are 
ineffective, this research has shown that the console manufacturer’s voluntary agreement is 
estimated to achieve a considerable reduction in electricity use compared to a theoretical 
baseline with no efficiency improvements. In particular, NGOs have expressed concerns that 
voluntary measures for the Eco-design Directive may have limited impacts due to the lack of 
“sufficient pressure” on manufacturers to make improvements that go beyond a Business as 
Usual scenario (Coolproducts, 2011). The results of this research have been presented to and 
used by the European Commission as an input to the impact assessment study. Furthermore, 
this analysis has subsequently been used by console manufacturers to demonstrate that the 
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voluntary agreement for games console energy efficiency meets the European Commission 
electricity saving target of 1 TWh in 2020 when considering both PlayStation®4 and Xbox One 
consoles (Console Manufacturers, 2014). This will be the first voluntary agreement to be 
adopted by DG Enterprise and Industry and only the third such agreement to be accepted by 
the Commission. The console voluntary agreement can help, therefore, to further 
understanding of the development and implementation of voluntary agreements. 
5.4.5 Policy makers and other stakeholders play an important role in 
compelling manufacturers to consider product energy efficiency 
Concern regarding the increased electricity use of games consoles was first highlighted by 
the NRDC, an environmental NGO. Since the publication of their report in 2008, NRDC have 
been heavily involved in policy development for games consoles globally through submission 
of data and publication of reports. Although sometimes focussing on the worst case scenario, 
for example “a Sony PlayStation 3 or Microsoft Xbox 360 left on 24 hours per day, seven days 
per week will consume as much electricity per year as two new refrigerators” (NRDC, 2008a), 
NGOs have played an important role in raising awareness among policy makers of the 
increase in console electricity use. This pressure from NGOs has helped to engage 
manufacturers in the debate as they attempt to improve understanding of games consoles 
and the quality of data used in estimating games console electricity use. Continued 
engagement of stakeholders in the voluntary process will ensure pressure on manufacturers 
to consider efficiency is maintained, facilitating the development of achievable yet 
challenging requirements that result in considerable improvements in product efficiency. 
More recently, as a result of a productive dialogue between console manufacturers and 
other stakeholders, the presentation of arguments promoting games console energy 
efficiency have become much more rational and balanced. For example, the recent 
publication of a follow up to their 2008 study “Lowering the Cost of Play”, NRDC acknowledge 
the impact of performance on games console power consumption, and also recognises the 
efficiency improvements already implemented voluntarily for HD and new next generation 
consoles (NRDC, 2014). This can help to direct efforts towards establishing what can 
reasonably be achieved for games consoles, which is likely to result in discussions that are 
more productive and lead to reductions in electricity use to the benefit of society. 
5.4.6 Academic, peer-reviewed research has an important role to play in the 
development of regulations and standards for energy efficiency 
One of the greatest causes of uncertainty regarding games console electricity use is the lack 
of reliable data for power consumption and usage leading to the use of incorrect data and 
assumptions. Much of the literature available for games consoles is either published by 
NGOs, console manufacturers or consultants, none of which are peer reviewed. 
Academic research can make a valuable contribution to the development of regulations and 
standards to improve the efficiency of games consoles, and other product groups, as the 
results are subject to peer review and therefore, are more likely to be objective and robust. 
This could help to overcome some of the issues regarding the accuracy and availability of 
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data for usage and power consumption of games consoles; data supplied by manufacturers 
is often perceived to under estimate electricity use, while NGOs often present a worst-case 
scenario to attract attention and gain traction. Encouraging academic research in the area of 
product assessment and policy making can help to establish more robust figures and provide 
more reliable estimates to policy makers to help ensure that policies that are implemented 
are done so on the basis of sound, impartial assessment. 
This research presents a transparent and comprehensive assessment of games console 
electricity use, with a particular focus on PlayStation® platforms, which was previously 
missing from the literature. The results presented in Chapter 2 narrow the range of estimates 
for HD console electricity use to between 66 kWh/year and 105 kWh/year for consoles on 
sale and in use respectively (compared to a range of between 32 kWh/year and 500 
kWh/year presented in existing research). This research made an important distinction 
between consoles in use and those on sale, something not considered by other studies, as 
consoles are subject to efficiency improvements over the lifetime of the product that affect 
their electricity use. Chapter 3 uses measured power consumption data, actual sales and 
usage estimates derived from research in Chapter 2 to demonstrate the estimated 
magnitude of the increase in electricity use between PlayStation® platforms. This shows that 
there has been a substantial increase in electricity use per platform due to increased usage 
and power consumption. Finally, Chapter 4 details an ex-ante assessment of PlayStation®4 
to establish the likely electricity savings of various efficiency improvements and the 
magnitude of savings that can be attributed to various policy initiatives such as the 
mandatory regulations already applicable to new next generation consoles and the 
requirements proposed by manufacturers in their voluntary agreement. 
The results of this analysis have been used by manufacturers to inform product design 
choices and by policy makers and other stakeholders to improve the development of energy 
efficiency regulations and standards for games consoles. Without the availability of such an 
assessment, it is possible that recommendations for policy could be made that miss 
opportunities for electricity saving and, therefore, the potential to reduce the contribution 
of games consoles to climate change. 
5.5 Research implications 
The results of this research have been used to inform the development of energy efficiency 
regulations and standards for games consoles throughout the course of the project. Most 
notably, the estimated electricity savings of the console manufacturer’s voluntary 
agreement for HD consoles was accepted by the European Commission and circulated to 
stakeholders of the consultation forum in 2012. Furthermore, calculations to demonstrate 
that the electricity savings of the console manufacturer’s voluntary agreement achieve the 1 
TWh target in 2020 were completed by the research engineer and included in an Annex to 
the final text of the agreement, which have subsequently been accepted by DG ENTR of the 
European Commission. 
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Publication of the baseline electricity use estimates for HD console in use and on sale (Webb 
et al., 2013) provided a sound basis for discussions with other stakeholders. This has 
corrected previously inaccurate research and helped to increase the sophistication of 
analysis and, therefore, improve the verification of potential electricity savings, but showed 
that opportunities to accelerate the electricity savings for HD consoles had been missed due 
to uncertainty regarding power consumption and usage. 
5.6 Limitations and Further Research 
The research described in this thesis has made a significant contribution to the 
understanding of games console usage, power consumption and electricity use. The analysis 
contained within the thesis presents the best available estimates of console electricity use, 
usage and the electricity saving estimated for PlayStation®4 consoles, further research could 
continue to improve the robustness and reliability of the results, including: 
 Estimates of inactive time: The time a console spends switched on but inactive is 
still estimated as it is not possible to measure accurately this aspect of console usage 
at present. Current power meters can distinguish between active modes, but not 
between active and inactive use within a mode e.g. gaming or media. Estimated 
savings for PlayStation®4 efficiency improvements are based on the assumption that 
30% of on time is inactive. Improving the accuracy of the estimate of inactive time 
for games consoles would help to refine the estimates of electricity saving for 
efficiency improvements such as suspend to RAM and APD. The most accurate way 
to calculate the electricity saving of APD and suspend features would be to record 
the APD settings of consoles in homes, to establish how many people have altered 
the default settings and what proportion of users have chosen to disable the APD 
feature and then compare average usage times; 
 Trends in console electricity use: The study of PlayStation® platforms’ electricity use 
over time in Chapter 3 does not consider consoles manufactured by companies other 
than Sony. Whether the trend for PlayStation® platforms is applicable to other 
console brands is unknown. Further power consumption testing on other console 
brands could establish whether the trend in electricity for PlayStation® platforms is 
representative of the industry as a whole; 
 Potential electricity savings for new consoles: The research presented herein 
focuses on the potential electricity saving of efficiency improvements for 
PlayStation®4 consoles only. This study could be updated to include Xbox One. This 
would help to ensure that console manufacturers are pursuing the efficiency 
improvements that have the greatest potential for electricity saving across 
platforms. It is recommended that an analysis, similar to that summarised in Chapter 
4 for PlayStation®4, be completed for each new console that launches. Given the 
small number of console manufacturers and products, this would not be 
unreasonable and would provide important insights to help guide the direction of 
standards and regulations for games consoles; 
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 Data for the usage of new consoles: As discussed in Chapter 2, usage estimates for 
consoles are based on a paucity of data. Furthermore, much of this data is collected 
via surveys that can be unreliable as they rely on respondents accurately recording 
their usage. A recent field metering study has shown that the estimates of console 
electricity use calculated in this thesis for PlayStation®3 consoles lie in the range of 
what is expected, based on data collected for 113 consoles in the US (Desroches et. 
al, 2015). However, sensitivity analysis showed that estimates of PlayStation®4 
electricity use are heavily influenced by usage estimates and assumptions, with a 
range in estimates of electricity use per unit of 123 kWh/year between 151 
kWh/year and 274 kWh/year. Although this did not affect which efficiency 
improvements are estimated to result in the greatest electricity savings, it does have 
a substantial impact on the magnitude of the estimated electricity saving. As data on 
the usage of next generation consoles becomes available, the electricity use 
estimates for next generation consoles can be updated. As discussed in the thesis, 
the most reliable data for console usage is that which is metered, rather than survey 
data that is subject to responder bias. The collection of further metered data for 
games console usage could help to overcome some of the existing uncertainty, 
particularly for new consoles; and 
 Updated analysis of the potential electricity saving of efficiency improvements: 
The research detailed in Chapter 4 is based on the current state of technology and it 
is likely that new efficiency improvements and console functions will be available 
before the console manufacturer’s voluntary agreement is revised in 2017. This 
research could be updated to include any new efficiency improvements and 
additional functionality added to consoles, for example Ultra HD media play, helping 
to identify new opportunities for electricity savings in a timely manner so that 
efficiency improvements can be maximised. A review of the effectiveness of the 
efficiency improvements considered in this thesis would also be valuable to feed 
back in to on-going policy development. Efficiency improvements not considered in 
this thesis, such as those suggested by Mills & Mills (2015), could also help to 
advance understanding of where future opportunities for games console energy 
efficiency lie. 
 The future of console gaming is uncertain: As discussed in Section 1.6, trends in 
gaming have changed significantly over recent years with a shift from the more 
traditional ‘Active Classical’ gamers to increasing mobile gaming as smartphones 
have become ubiquitous. Despite the increase in mobile gaming, currently this is not 
replacing time spent on consoles, as users still require high performance experiences 
that currently cannot be delivered through mobile devices. That said, mobile devices 
such as tablets and smartphones are quickly becoming more sophisticated and able 
to deliver enhanced gaming performance. Furthermore, some games are 
increasingly becoming dual purpose, acting both as a game and a social space, i.e. 
providing both a place to meet and chat with friends as well as play games (Stuart & 
Webber, 2015). Further research could focus on shifting patterns of gaming and how 
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this might change the impact of gaming on climate change. For example, consoles 
could become increasingly efficient, low power devices, but depend on Internet 
connections to fulfil much of their functionality. Another interesting development 
relating to consoles is the maturation of the original console gamers; this age group 
are now having children, bringing the console back in to the living room for use as a 
family entertainment device. This trend could counter-balance the loss of traditional 
console gamers to mobile devices (ibid.). 
 Consider the electricity use of the supporting infrastructure: At present there is 
great uncertainty about the electricity use of data processing, storage and 
transmission through the Internet, with estimates ranging between 0.004 and 160 
kWh/GB (Aslan, 2015). Games consoles and many other products are becoming 
increasingly interactive and acting as part of a system rather than simply a discrete 
device. Further to the addition of numerous media streaming services, such as 
Netflix, 4OD and BBC iPlayer to consoles, other features that allow users to share 
their experience via a network are now available. For instance, on PlayStation®4, 
users can upload their gameplay to social networking sites to share their successes 
and broadcast their gameplay live to other users anywhere in the world. These 
features have proved popular with an estimated 800,000 gameplay broadcasts, 20 
million minutes of live gameplay streamed across the globe and the share menu 
accessed 10.9 million times in one month (Hurley, 2013). As a result, it is likely that 
the electricity use associated with the provision of cloud gaming services, streaming 
media and downloadable content will increase. Furthermore, a recent study 
comparing digital download versus disc distribution for a console game has shown 
that, at present, physical distribution results in lower carbon emissions due to the 
high intensity of Internet electricity use (Mayers et.al, 2014). Recent discussions 
within the EU are encouraging a shift from a product to a system approach, as it is 
believed that many of the opportunities for improving product efficiency have 
already been realised and greater potential for electricity savings now lie in the 
systems connected to these products (eceee, 2014). Improved estimates of Internet 
electricity use will help to quantify the carbon impact of a shift from discrete games 
consoles to a world where consoles are constantly reliant on media provided 
through a network connection. 
5.7 Final Remarks 
The work completed in this thesis shows that the consideration of games consoles for 
regulations and standards to improve their energy efficiency has had a considerable impact 
on the electricity use of new next generation games consoles. The results of this research 
indicate that PlayStation®4 is likely to mitigate, and may even reverse, the trend of increasing 
electricity use between product platforms. In addition, this has occurred despite the absence 
of any mandatory requirements and the failure of the voluntary ENERGYSTAR® requirements 
to attract any manufactures to seek recognition under the programme. 
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Although the acceptance of the console manufacturer’s voluntary agreement in the EU is a 
significant step towards ensuring the energy efficiency of games consoles in the future, it 
does not signify the end of discussions regarding console energy efficiency, but rather the 
beginning. Stakeholders will be keen to ensure that the efficiency gains made for the latest 
generation of games consoles are maximised and that any new products achieve similar 
improvements. This will help to ensure that the contribution of games consoles to climate 
change continues to be mitigated. For example, a recent report published by NRDC lists 
opportunities for further optimisation of the features available on new Xbox One and 
PlayStation®4 consoles (NRDC, 2014), with manufacturers responding to this pressure in a 
proactive way. 
Furthermore, as games consoles continue to develop and diversify, research and data 
regarding power consumption and usage of both the devices themselves and the supporting 
infrastructure will be vital in order that the opportunities for electricity saving are maximised 
while also allowing innovation to continue to deliver novel gaming experiences to 
consumers. 
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6 Appendices 
Appendix 1 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation® SCPH-1000 
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Appendix 2 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation® SCPH-5500 
 
0
2
4
6
8
10
12
1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
1
0
0
1
1
1
1
2
2
1
3
3
1
4
4
1
5
5
1
6
6
1
7
7
1
8
8
1
9
9
2
1
0
2
2
1
2
3
2
2
4
3
2
5
4
2
6
5
2
7
6
2
8
7
2
9
8
P
o
w
e
r 
co
n
su
m
p
ti
o
n
 (
W
)
Time (seconds)
Standby
Other functions/ navigation
Media (CD)
Gaming
Amanda Webb       Doctoral Thesis 
274 
 
Appendix 3 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation® SCPH-7000 
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Appendix 4 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation® SCPH-7500 
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Appendix 5 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation® SCPH-9000 
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Appendix 6 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation® SCPH-100 
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Appendix 7 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®2 SCPH-30000 
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Appendix 8 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®2 SCPH-39000 
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Appendix 9 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®2 SCPH-50000 
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Appendix 10 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®2 SCPH-70000 
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Appendix 11 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®2 SCPH-75000 
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Appendix 12 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®2 SCPH-77000 
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Appendix 13 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®2 SCPH-79000 
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Appendix 14 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®2 SCPH-90000 
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Appendix 15 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®3 CECHC 
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Appendix 16 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®3 CECHG 
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Appendix 17 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®3 CECHH 
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Appendix 18 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®3 CECHK 
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Appendix 19 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®3 CECHL 
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Appendix 20 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®3 CECH-2000A 
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Appendix 21 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®3 CECH-2100A 
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Appendix 22 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®3 CECH-2500A 
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Appendix 23 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®3 CECH-3000A 
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Appendix 24 Chart showing the power consumption measurements taken over the 5 minute test period for PlayStation®3 CECH-4000C 
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Appendix 25 Detailed electricity use calculation for PlayStation® model SCPH -1000 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
  
Mode Hours/day Time in each 
function (%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 8.9 2.0 0.3 8.9 0.8 - 2.8 
Other functions/ 
navigation 
0.1 1% 70% 30% 0.1 8.1 0.3 0.0 8.1 0.1 - 0.4 
Total ON 1.0 - - - - - 2.2 - - 1.0 - - 
Standby 23.0 96% - - - - - - - - 2.2 18.7 
TOTAL  24.0 100% - - 0.7 - 2.2    1.0 - 21.9 
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Appendix 26 Detailed electricity use calculation for PlayStation® model SCPH -5500 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 7.1 1.6 0.3 7.1 0.7 - 2.2 
Other 
functions/ 
navigation 
0.1 1% 70% 30% 0.1 6.4 0.2 0.0 6.4 0.1 - 0.3 
Total ON 1.0 4% - - - - 1.8 - - 0.8 - - 
Standby 23.0 96% - - - - - - - - 1.2 9.8 
TOTAL  24.0 100% - - 0.7 - 1.8 0.3 - 0.8 - 12.3 
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Appendix 27 Detailed electricity use calculation for PlayStation® model SCPH -7000 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 7.0 1.5 0.3 7.0 0.7 - 2.2 
Other 
functions/ 
navigation 
0.1 1% 70% 30% 0.1 6.2 0.2 0.0 6.2 0.1 - 0.3 
Total ON 1.0 4% - - - - 1.7 - - 0.7 - - 
Standby 23.0 96% - - - - - - - - 1.1 9.3 
TOTAL  24.0 100% - - 0.7 - 1.7 0.3 - 0.7 - 11.8 
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Appendix 28 Detailed electricity use calculation for PlayStation® model SCPH -7500 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
    
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 6.7 1.5 0.3 6.7 0.6 - 2.1 
Other functions/ 
navigation 
0.1 1% 70% 30% 0.1 6.0 0.2 0.0 6.0 0.1 - 0.3 
Total ON 1.0 4% - - - - 1.7 - - 0.7 - - 
Standby 23.0 96% - - - - - - - - 1.1 9.5 
TOTAL  24.0 100% - - 0.7 - 1.7 0.3 - 0.7 - 11.9 
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Appendix 29 Detailed electricity use calculation for PlayStation® model SCPH -9000 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
      
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 6.3 1.4 0.3 6.3 0.6 - 2.0 
Other functions/ 
navigation 
0.1 1% 70% 30% 0.1 5.6 0.2 0.0 5.6 0.1 - 0.3 
Total ON 1.0 4% - - - - 1.6 - - 0.7 - - 
Standby 23.0 96% - - - - - - - - 0.5 4.4 
TOTAL  24.0 100% - - 0.7 - 1.6 0.3 - 0.7 - 6.7 
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Appendix 30 Detailed electricity use calculation for PlayStation® model SCPH -100 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/
day 
Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 6.4 1.4 0.3 6.4 0.6 - 2.0 
Other functions/ 
navigation 
0.1 1% 70% 30% 0.1 5.5 0.2 0.0 5.5 0.1 - 0.3 
Total ON 1.0 4% - - - - 1.6 - - 0.7 - - 
Standby 23.0 96% - - - - - - - - 1.1 9.5 
TOTAL  24.0 100% - - 0.7 - 1.6 0.3 - 1.9 - 11.7 
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Appendix 31 Detailed electricity use calculation for PlayStation®2 model SCPH -30000 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
          
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 37.6 8.3 0.3 37.6 3.5 - 11.8 
Media 0.4 2% 70% 30% 0.3 35.3 3.3 0.1 35.3 1.4 - 4.8 
Other 
functions/navigation 
0.1 1% 70% 30% 0.1 30.5 1.0 0.0 30.5 0.4 - 1.5 
Total ON 1.4 - - - - - 12.6 - - 5.4 - - 
Standby 22.6 94% - - - - - - - - 1.6 13.6 
TOTAL  24.0 100% - - 1.0 - 12.6 0.4 - 5.4 - 31.6 
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Appendix 32 Detailed electricity use calculation for PlayStation®2 model SCPH -39000 
             
   Estimated share of on 
time 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.86 4% 70% 30% 0.60 32.4 7.1 0.26 32.4 3.0 - 10.2 
Media 0.37 2% 70% 30% 0.26 29.7 2.8 0.11 29.7 1.2 - 4.0 
Other 
functions/navigation 
0.13 1% 70% 30% 0.09 25.4 0.9 0.04 25.4 0.4 - 1.2 
Total ON 1.36 - - - - - 10.8 - - 4.6 - - 
Standby 22.64 94% - - - - - - - - 1.6 13.0 
TOTAL  24.00 100% - - 0.95 - 0.95 0.41 - 4.6 - 28.4 
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Appendix 33 Detailed electricity use calculation for PlayStation®2 model SCPH -50000 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 29.0 6.4 0.3 29.0 2.7 - 9.1 
Media 0.4 2% 70% 30% 0.3 26.2 2.5 0.1 26.2 1.1 - 3.5 
Other 
functions/navigation 
0.1 1% 70% 30% 0.1 23.6 0.8 0.0 23.6 0.3 - 1.1 
Total ON 1.4 - - - - - 9.6 - - 4.1 - - 
Standby 22.6 94% - - - - - - - - 2.1 17.7 
TOTAL  24.0 100% - - 1.0 - 9.6 0.4 - 4.1 - 31.5 
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Appendix 34 Detailed electricity use calculation for PlayStation®2 model SCPH -70000 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 19.4 4.3 0.3 19.4 1.8 - 6.1 
Media 0.4 2% 70% 30% 0.3 17.5 1.6 0.1 17.5 0.7 - 2.4 
Other 
functions/navigation 
0.1 1% 70% 30% 0.1 15.4 0.5 0.0 15.4 0.2 - 0.7 
Total ON 1.4 - - - - - 6.4 - - 2.8 - - 
Standby 22.6 94% - - - - - - - - 1.2 9.6 
TOTAL  24.0 100% - - 1.0 - 6.4 0.4 - 2.8 - 18.8 
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Appendix 35 Detailed electricity use calculation for PlayStation®2 model SCPH -75000 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 20.4 4.5 0.3 20.4 1.9 - 6.4 
Media 0.4 2% 70% 30% 0.3 18.6 1.8 0.1 18.6 0.8 - 2.5 
Other 
functions/navigation 
0.1 1% 70% 30% 0.1 16.7 0.6 0.0 16.7 0.2 - 0.8 
Total ON 1.4 - - - - - 6.8 - - 2.9 - - 
Standby 22.6 94% - - - - - - - - 0.8 6.4 
TOTAL  24.0 100% - - 1.0 - 6.8 0.4 - 2.9 - 16.1 
 
 
 
 
 
 
 
Amanda Webb       Doctoral Thesis 
307 
 
Appendix 36 Detailed electricity use calculation for PlayStation®2 model SCPH -77000 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 20.6 4.5 0.3 20.6 1.9 - 6.5 
Media 0.4 2% 70% 30% 0.3 18.5 1.7 0.1 18.5 0.7 - 2.5 
Other 
functions/navigation 
0.1 1% 70% 30% 0.1 16.7 0.6 0.0 16.7 0.2 - 0.8 
Total ON 1.4 - - - - - 6.8 - - 2.9 - - 
Standby 22.6 94% - - - - - - - - 0.4 3.7 
TOTAL  24.0 100% - - 1.0 - 6.8 0.4 - 2.9 - 11.1 
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Appendix 37 Detailed electricity use calculation for PlayStation®2 model SCPH -79000 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 16.4 3.6 0.3 16.4 1.5 - 5.1 
Media 0.4 2% 70% 30% 0.3 13.9 1.3 0.1 13.9 0.6 - 1.9 
Other 
functions/navigation 
0.1 1% 70% 30% 0.1 12.3 0.4 0.0 12.3 0.2 - 0.6 
Total ON 1.4 - - - - - 5.3 - - 2.3 - - 
Standby 22.6 94% - - - - - - - - 0.5 3.9 
TOTAL  24.0 100% - - 1.0 - 5.3 0.4 - 2.3 - 11.5 
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Appendix 38 Detailed electricity use calculation for PlayStation®2 model SCPH -90000 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 4% 70% 30% 0.6 14.6 3.2 0.3 14.6 1.4 - 4.6 
Media 0.4 2% 70% 30% 0.3 12.8 1.2 0.1 12.8 0.5 - 1.7 
Other 
functions/navigation 
0.1 1% 70% 30% 0.1 11.3 0.4 0.0 11.3 0.2 - 0.5 
Total ON 1.4 - - - - - 4.8 - - 2.1 - - 
Standby 22.6 94% - - - - - - - - 0.5 4.5 
TOTAL  24.0 100% - - 1.0 - 4.8 0.4 - 2.1 - 11.3 
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Appendix 39 Detailed electricity use calculation for PlayStation®3 model CECHC 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 3.6% 70.0% 30.0% 0.6 192.8 42.4 0.3 192.8 18.2 - 60.5 
Media 0.7 3.1% 70.0% 30.0% 0.5 162.0 30.6 0.2 162.0 13.1 - 43.7 
Other functions/ 
navigation 
0.1 0.6% 70.0% 30.0% 0.1 171.2 5.8 0.0 171.2 2.5 - 8.3 
Total ON 1.7 - - - - - 78.7 - - 33.7 - - 
Standby 17.6 73.5% - - - - - - - - 1.8 11.7 
Networked standby 4.6 19.3% - - - - - - - - 16.6 28.0 
TOTAL 24.0 100.0% - - 1.2 - 78.7 0.5 - 33.7 - 152.2 
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Appendix 40 Detailed electricity use calculation for PlayStation®3 model CECHG 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 3.6% 70.0% 30.0% 0.6 146.7 32.2 0.3 146.7 13.8 - 46.0 
Media 0.7 3.1% 70.0% 30.0% 0.5 119.7 22.6 0.2 119.7 9.7 - 32.3 
Other functions/ 
navigation 
0.1 0.6% 70.0% 30.0% 0.1 128.6 4.4 0.0 128.6 1.9 - 6.2 
Total ON 1.7 - - - - - 59.2 - - 25.4 - - 
Standby 17.6 73.5% - - - - - - - - 1.8 11.7 
Networked standby 4.6 19.3% - - - - - - - - 16.1 27.2 
TOTAL 24.0 100.0% - - 1.2 - 59.2 0.5 - 25.4 - 123.4 
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Appendix 41 Detailed electricity use calculation for PlayStation®3 model CECHH 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 3.6% 70.0% 30.0% 0.6 139.4 30.6 0.3 139.4 13.1 - 43.7 
Media 0.7 3.1% 70.0% 30.0% 0.5 113.7 21.4 0.2 113.7 9.2 - 30.6 
Other functions/ 
navigation 
0.1 0.6% 70.0% 30.0% 0.1 123.4 4.2 0.0 123.4 1.8 - 6.0 
Total ON 1.7 - - - - - 56.3 - - 24.1 - - 
Standby 17.6 73.5% - - - - - - - - 1.5 9.9 
Networked standby 4.6 19.3% - - - - - - - - 15.8 26.7 
TOTAL 24.0 100.0% - - 1.2 - 56.3 0.5 - 24.1 - 117.0 
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Appendix 42 Detailed electricity use calculation for PlayStation®3 model CECHK 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 3.6% 70.0% 30.0% 0.6 130.8 28.7 0.3 130.8 12.3 - 41.0 
Media 0.7 3.1% 70.0% 30.0% 0.5 109.3 20.6 0.2 109.3 8.8 - 29.5 
Other functions/ 
navigation 
0.1 0.6% 70.0% 30.0% 0.1 115.5 3.9 0.0 115.5 1.7 - 5.6 
Total ON 1.7 - - - - - 53.3 - - 22.8 - - 
Standby 17.6 73.5% - - - - - - - - 1.4 9.2 
Networked standby 4.6 19.3% - - - - - - - - 15.0 25.3 
TOTAL 24.0 100.0% - - 1.2 - 53.3 0.5 - 22.8 - 110.6 
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Appendix 43 Detailed electricity use calculation for PlayStation®3 model CECHL 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 3.6% 70.0% 30.0% 0.6 125.0 27.5 0.3 125.0 11.8 - 39.2 
Media 0.7 3.1% 70.0% 30.0% 0.5 104.5 19.7 0.2 104.5 8.4 - 28.2 
Other functions/ 
navigation 
0.1 0.6% 70.0% 30.0% 0.1 108.8 3.7 0.0 108.8 1.6 - 5.3 
Total ON 1.7 - - - - - 50.9 - - 21.8 - - 
Standby 17.6 73.5% - - - - - - - - 1.4 9.3 
Networked standby 4.6 19.3% - - - - - - - - 11.1 18.7 
TOTAL 24.0 100.0% - - 1.2 - 50.9 0.5 - 21.8 - 100.7 
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Appendix 44 Detailed electricity use calculation for PlayStation®3 model CECH-2000A 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 3.6% 70.0% 30.0% 0.6 93.6 20.6 0.3 93.6 8.8 - 29.4 
Media 0.7 3.1% 70.0% 30.0% 0.5 74.9 14.1 0.2 74.9 6.1 - 20.2 
Other functions/ 
navigation 
0.1 0.6% 70.0% 30.0% 0.1 81.3 2.8 0.0 81.3 1.2 - 3.9 
Total ON 1.7 - - - - - 37.5 - - 16.1 - - 
Standby 17.6 73.5% - - - - - - - - 0.4 2.6 
Networked standby 4.6 19.3% - - - - - - - - 8.7 14.6 
TOTAL 24.0 100.0% - - 1.2 - 37.5 0.5 - 16.1 - 70.8 
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Appendix 45 Detailed electricity use calculation for PlayStation®3 model CECH-2100A 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 3.6% 70.0% 30.0% 0.6 82.1 18.0 0.3 82.1 7.7 - 25.8 
Media 0.7 3.1% 70.0% 30.0% 0.5 70.6 13.3 0.2 70.6 5.7 - 19.0 
Other functions/ 
navigation 
0.1 0.6% 70.0% 30.0% 0.1 69.9 2.4 0.0 69.9 1.0 - 3.4 
Total ON 1.7 - - - - - 33.7 - - 14.5 - - 
Standby 17.6 73.5% - - - - - - - - 0.3 2.1 
Networked standby 4.6 19.3% - - - - - - - - 8.6 14.6 
TOTAL 24.0 100.0% - - 1.2 - 33.7 0.5 - 14.5 - 64.8 
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Appendix 46 Detailed electricity use calculation for PlayStation®3 model CECH-2500A 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 3.6% 70.0% 30.0% 0.6 81.3 17.8 0.3 81.3 7.6 - 25.5 
Media 0.7 3.1% 70.0% 30.0% 0.5 69.5 13.1 0.2 69.5 5.6 - 18.7 
Other functions/ 
navigation 
0.1 0.6% 70.0% 30.0% 0.1 70.7 2.4 0.0 70.7 1.0 - 3.4 
Total ON 1.7 - - - - - 33.4 - - 14.3 - - 
Standby 17.6 73.5% - - - - - - - - 0.3 1.9 
Networked standby 4.6 19.3% - - - - - - - - 7.7 12.9 
TOTAL 24.0 100.0% - - 1.2 - 33.4 0.5 - 14.3 - 62.5 
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Appendix 47 Detailed electricity use calculation for PlayStation®3 model CECH-3000A 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 3.6% 70.0% 30.0% 0.6 77.9 17.1 0.3 77.9 7.3 - 24.5 
Media 0.7 3.1% 70.0% 30.0% 0.5 66.4 12.5 0.2 66.4 5.4 - 17.9 
Other functions/ 
navigation 
0.1 0.6% 70.0% 30.0% 0.1 66.4 2.3 0.0 66.4 1.0 - 3.2 
Total ON 1.7 - - - - - 31.9 - - 13.7 - - 
Standby 17.6 73.5% - - - - - - - - 0.3 1.8 
Networked standby 4.6 19.3% - - - - - - - - 9.0 15.1 
TOTAL 24.0 100% - - 1.2 - 31.9 0.5 - 13.7 - 62.5 
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Appendix 48 Detailed electricity use calculation for PlayStation®3 model CECH-4000C 
             
   Estimated share of on 
time (%) 
Active Inactive Standby/Off   
        
Mode Hours/day Time in 
each 
function 
(%) 
Active  Inactive  Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Time 
(Hours/ 
day) 
Power 
Consumption 
(W) 
Electricity 
use 
(kWh/year) 
Power 
Consumption 
(W) 
Total 
electricity 
use 
(kWh/year) 
Gaming 0.9 3.6% 70.0% 30.0% 0.6 77.9 17.1 0.3 77.9 7.3 - 24.4 
Media 0.7 3.1% 70.0% 30.0% 0.5 66.2 12.5 0.2 66.2 5.4 - 17.8 
Other functions/ 
navigation 
0.1 0.6% 70.0% 30.0% 0.1 68.2 2.3 0.0 68.2 1.0 - 3.3 
Total ON 1.7 - - - - - 31.9 - - 13.7 - - 
Standby 17.6 73.5% - - - - - - - - 0.3 2.0 
Networked standby 4.6 19.3% - - - - - - - - 8.5 14.3 
TOTAL 24.0 100.0% - - 1.2 - 31.9 0.5 - 13.7 - 61.9 
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Appendix 49 Summary of individuals consulted or engaged with on specific topics 
Name Company Topic 
Michel Chudomel SCEE PlayStation®2 manufacture 
and refurbishment 
Kenosuke Ido SCEI PlayStation® design and 
power consumption 
Engineers in Japan SCEI PlayStation® design and 
power consumption  
c/o Kieren Mayers SCEE Chip power consumption 
Tim Calland Microsoft Console usage 
Jonathan Wood Independent Consultant Console power consumption 
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